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PREFACE 


The International Library of Technology is the outgrowth 
of a large and increasing demand that has arisen for the 
Reference Libraries of the International Correspondence 
Schools on the part of those who are not students of the 
Schools. As the volumes composing this Library are all 
printed from the same plates used in printing the Reference 
Libraries above mentioned, a few words are necessary 
regarding the scope and purpose of the instruction imparted 
to the students of—and the class of students taught by— 
these Schools, in order to afford a clear understanding of 


their salient and unique features. 

The only requirement for admission to any of the courses 
offered by the International Correspondence Schools, is that 
the applicant shall be able to read the English language and 
to write it sufficiently well to make his written answers to the 
questions asked him intelligible. Each course is complete in 
itself, and no textbooks are required other than those pre- 
pared by the Schools for the particular course selected. The 
students themselves are from every class, trade,and profession 
and from every country; they are, almost without exception, 
busily engaged in some vocation, and can spare but little 
time for study, and that usually outside of their regular 
working hours. The information desired is such as can be 
immediately applied in practice, so that the student may be 
enabled to exchange his present vocation for a more con- 
genial one, or to rise to a higher level in the one he now 
pursues. Furthermore, he wishes to obtain a good working 
knowledge of the subjects treated in the shortest time and 
in the most direct manner possible. 
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In meeting these requirements, we have produced a set of 
books that in many respects, and particularly in the general 
plan followed, are absolutely unique. In the majority of 
subjects treated the knowledge of mathematics required is 
limited to the simplest principles of arithmetic and mensu- 
ration, and in no case is any greater knowledge of mathe- 
matics needed than the simplest elementary principles of 
algebra, geometry, and trigonometry, with a thorough, 
practical acquaintance with the use of the logarithmic table. 
To effect this result, derivations of rules and formulas are 
omitted, but thorough and complete instructions are given 
regarding how, when, and under what circumstances any 
particular rule, formula, or process should be applied; and 
whenever possible one or more examples, such as would be 
likely to arise in actual practice—together with their solu- 
tions—are given to illustrate and explain its application. 

In preparing these textbooks, it has been our constant 
endeavor to view the matter from the student’s standpoint, 
and to try and anticipate everything that would cause him 
trouble. The utmost pains have been taken to avoid and 
correct any and all ambiguous expressions—both those due 
to faulty rhetoric and those due to insufficiency of statement 
or explanation. As the best way to make a statement, 
explanation, or description clear is to give a picture or a 
diagram in connection with it, illustrations have been used 
almost without limit. The illustrations have in all cases 
been adapted to the requirements of the text, and projec- 
tions and sections or outline, partially shaded, or full-shaded 
perspectives have been used, according to which will best 
produce the desired results. Half-tones have been used 
rather sparingly, except in those cases where the general 
effect is desired rather than the actual details. 

It is obvious that books prepared along the lines men- 
tioned must not only be clear and concise beyond anything 
heretofore attempted, but they must also possess unequaled 
value for reference purposes. They not only give the maxi- 
mum of information in a minimum space, but this infor- 
mation is so ingeniously arranged and correlated, and the 
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indexes are so full and complete, that it can at once be made 
available to the reader. The numerous examples and 
explanatory remarks, together with the absence of long 
demonstrations and abstruse mathematical calculations, are 
of great assistance in helping one to select the proper for- 
mula, method, or process and in teaching him how and when 
it should be used. 

The subjects treated in the present volume are the con- 
struction, operation, care, and management of steam 
boilers and steam pumps, together with their various 
adjuncts and accessories. The aim has been to produce a 
work that will be of direct value to the man who looks after 
the machinery about a steam plant, and to the engineer 
and fireman. While not written for that purpose, this 
volume should prove of considerable value to designers, 
especially to those who have not actually fired a boiler or 
looked after the operating of pumps. The treatment 
accorded to the various subjects is amply sufficient to enable 
a fireman or engineer to pass any of the usual examinations 
prelithinary to the granting of a license. 

The method of numbering the pages, cuts, articles, etc. 
is such that each subject or part, when the subject is divided 
into two or more parts, is complete in itself; hence, in order 
to make the index intelligible, it was necessary to give each 
subject or part a number. This number is placed at the 
top of each page, on the headline, opposite the page num- 
ber; and to distinguish it from the page number it is preceded 
by the printer’s section mark ($). Consequently, a reference 
such as $16, page 26, will be readily found by looking 
along the inside edges of the headlines until § 16 is found, 
and then through § 16 until page 26 is found. 
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FIRE-TUBE BOILERS. 


1. A steam boiler is an apparatus whose duty it is to 
generate steam for power or heating purposes. 


2. <A boiler consists of the following essential parts: 
A furnace in which the combustion of the fuel takes place; 
a vessel to contain the water to be evaporated; a steam 
space to contain the generated steam; a heating surface 
to transmit the heat of the furnace to the water; a chimney 
to carry away the products of combustion and to give a 
draft to the fire; various attachments, or fittings, to feed 
the boiler with water, to carry away the generated steam, to 
indicate the pressure of the steam, etc. 


2%. Boilers are built in a variety of forms to meet the 
varying requirements of different classes of work. They 
may be roughly divided into three classes: stationary, 
locomotive, and marine boilers. 


4. The plain cylindrical boiler is shown in Figs. 1, 2, 
and 3. It consists essentially of a long cylinder called the 
shell. This shell is made of iron or steel plates riveted 
together as shown in Fig. 1. The ends of the cylinder are 
closed by flat or hemispherical plates called the heads of the 
boiler. In Fig. 2 the front head is shown carrying the fit- 
hinges 6 C, C,andC.. Inthis typeof boiler the heads are 
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often made of thick 


cast iron, though 
wrought-iron plate 
may be used. The 


hemispherical, or 
dished, form of head 
is stronger than the 
flat 
therefore 


head, and is 
generally 
used for this type of 
boiler. 

‘Tie boiler 
closed by side walls 
of brick. 
nel beams /, /are laid 


is en- 
‘Pre chant 


across these brick side 
walls, and the boiler 
is suspended from 
these beams by means 
ef the hooks £ £ 
and eyes Q, QO (see 
Figs. 1 -and 3); the 
latter being riveted 
to the shell, “Phe 
side sup- 
ported and kept from 
buckling by the bind- 


walls are 


ers, or buckstaves, 
L, £ that are bolted 
together at the top 
andthe bottom. The 
cast- 
irom bars of 7 ‘sec- 
tion, as shown in the 
figure. Theeyes O,Q 
are placed about one- 
fourth the length of 


the shell from each 


buckstaves are 
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end. This method of suspending the shell allows it to 
expand and contract freely when heated or cooled. 

The rear end of the shell is enclosed by the rear wall, as 
is shown in Fig. 1; the wall is continued back, forming the 
chamber //, into which the chimney, or stack, K opens. 
The frome et the boiler, shown in Pig: 2, is’ of cast iron. 
The front end of the shell touches the firebrick lining 2, 
and its weight comes upon the hooks 7, /?, the rear wall and 
firebrick hning & simply keeping it in position. 

The furnace /'is placed under the front end of the boiler 
shell. The fuel is thrown in through the furnace door / 


yi 
° 
= ° 


and burns upon the grate /:, the ashes falling through the 
grate into the ash-pit ). To insure a supply of air sufficient 
for the complete combustion of the fuel, the furnace is 
sometimes supplied with a blower . This consists of a 
cylinder leading into the ash-pit D, into which is led a jet 
of steam through the pipe Y. The jet escapes into the ash- 
pit with great velocity and carries with it a quantity of air. 
The air thus carried in is forced through the spaces between 
the grate bars into the burning fuel, thus producing rapid 
and complete combustion. 
H, S, Il1.—9 
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5. Behind the furnace is built the brick wall G, called 
the bridge. It serves tokeep the hot gases in close contact 
with the under side of the boiler sheli. As boilers of this 
type are generally quite long, a second bridge G’ is usually 
added. The gases arising from the combustion of the fuel 
flow over the bridges G and G' into the chamber /7 and 
escape through the chimney A. The velocity of flow of the 
gases, and hence the intensity of the fire, is regulated by the 
damper 7 that is placed within the chimney. The space UV 
between the bridges is filled with ashes or some other 
good non-conductor of heat. The door Z in the boiler front 
gives access to the ash-pit for the removal of the ashes. 
The tops of the bridges, the inner surface of the side walls 
and rear wall, and, in general, all portions of the brickwork 
exposed to the direct action of the hot gases are made of 
firebrick (shown in Figs. 1 and 3 by the dark section lining) 
since this material is able to withstand a very high tempera- 
ture. 

It will be seen by referring to Fig. 3 that the upper portion 
of the boiler shell is covered with firebrick in such a manner 
as to prevent the hot gases coming into contact with the shell 
above the water-line V. It is a general rulein the construc- 
tion and setting of fire-tube boilers that wzder no circum- 
stances should the fire-line be carried above the water-line, 
for if the hot gases come in contact with the part of the 
boiler above the level of the water, it will become unduly 
heated, and thus weakened, and will be liable to rupture. 
In fact, a great number of boiler explosions are caused by 
‘‘low water” in the boiler, in which condition the water-line is 
below the fire-line. 

The top of the shell is covered by brickwork or some 
other non-conducting material to prevent radiation of heat. 
The boiler is filled with water through the feedpipe V, which 
leads to a pump or injector. When in operation, the water 
stands at about the level I’, the space S above being occu- 
pied by the generated steam. The safety valve is shown at 
A. By means of this attachment the steam pressure is kept 
from rising above the desired point. The pipe dis the main 
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steam pipe leading to the engine; the pipe c provides for 
the escape of the waste steam when the safety valve blows off. 

The steam gauge Z indicates the pressure of the steam in 
the boiler. The gauge is attached to a pipe that passes 
through the front head into the steam space. 

The gauge-cocks C, C,, and C, are placed in the front 
head of the shell; they are used to determine the water level. 
For instance, if the cock C, is opened and water escapes, it 
is evident that the water-line is above the cock C,, while if 
steam escapes, the level must be below C\. 

The manhole O is simply a hole placed in the front head 
through which a man may enter and inspect or clean the 
boiler. The hole is closed bya plate and yoke. 

To permit the boiler to be emptied, it is provided with a 
blow-off pipe J7, through which the water or sediment may 
be discharged. 

These boilers are made from 30 to 42 inches in diameter 
and from 20 to 40 feet long, though in rare instances they 
have been constructed with a diameter of 48 or more inches 
and a length of 60 or even 100 feet. 


6. Plain cylindrical boilers are much used in mining dis- 
tricts, where fuel is very cheap; on account of their small 
water-heating surface, they are very uneconomical and 
hence are not generally used where fuel is expensive. The 
advantages of this boiler are: Cheapness of construction, 
strength, durability, and ease of access for cleaning and 
repairs. 


%. The flue boiler differs from the plain cylindrical 
boiler in having one or more large flues running lengthwise 
through the boiler shell below the water-line. 

Such a boiler is shown in elevation and section in Figs. 4, 
5, and 6. 

The flues 4, A are fixed at the ends in the front and rear 
heads of the shell, respectively. The front end of the shell 
is prolonged, forming the smokebox /, into which opens 
the smokestack C. The front of the smokebox is provided 
with a door &. The boiler shell is also provided with the 
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veel 


dome /), which 
forms a chamber 


tie NV 


amma where steam may 
collect and free it- 
self from its en- 


ue H ama 
wy ue 


trained water be- 
fore passing to the 
engine. The hot 
gases pass over 
the bridges to the 
chamber “and 
then back to the 
front end through 
the flues A, A into 
the smokebox Js, 
and out through 
bine “etal iG pe It 
is plain that the 
water-heating sur- 
face is increased 
over that of the 


BIG. 4. 


plain cylindrical 


boiler by the cylin- 
drical surface of 
the flues 4, A. In 
other particulars 


the description of 
the plain cylindri- 
cal boiler applies 
equally well to the 
flue boiler. 


20000 
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8. The Return- 
Tubular Boiler. 
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4220080 | 99 c0ces ance — ay —— This type of boiler 


A | s 4 Re is a development 
of the flue boiler, 


the two large flues 
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of the latter being replaced by a large number of small 
tubes. The object of introducing the numerous tubes is to 
increase the heating surface of the boiler. 


A side view of a tubular boiler is shown in Fig. 7; a 
cross-section through the tubes is shown in Fig. 8. The 


tubes extend the whole length of the shell; the ends are 
beaded inte holes in the heads of the boiler. The front end 
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of the shell projects beyond the head, forming the smoke- 
box 2B, into which opens the stack C. 

The shell is suspended on the side 
walls by the brackets A, A, which are 
riveted to the shell. The boiler is usu- 
ally provided with a dome YP, though 
this is sometimes left off. The walls 


are built and supported by buckstaves 
in practically the same manner as those 


previously described. Since this type 
of boiler is generally short, one bridge 


only is used. Firebrick is used for all 
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parts of the wall exposed to the fire 
or heated gases. The fittings are not shown in the figure. 
The safety valve would be placed on top of the dome, and 
the pressure gauge and gauge-cocks would be placed on 
the front. The manhole is either in one of the heads or on 
top of the shell. The feedpipée may enter the front head 
or the top, while the blow-off pipe is placed at the bottom 
of the shell, at the rear end, “Access is given to the rear 
end of the boiler through the door £. 

As usual, the furnace / is placed under the front end of 
the boiler. The gases pass over the bridge, under the boiler 
into the chamber //, then back through the tubes to the 
smokebox /, and out of the stack C. 

The return-tubular boiler is probably used in the United 
States more than any other. The details of its construction 
and setting will be shown later. 


9. Cornish and Lancashire Boilers.—In the three 
forms of boilers considered so far, the furnace is placed out- 
side the shell of the boiler; such boilers are said to be 
externally fired. On the invention of the single-flue 
boiler, the idea was conceived of placing the fire in the flue, 
and the result is the so-called Cornish boiler, a cross- 
section of which is shown in Fig. 9. 

The boiler is set in masonry in such a manner as to form 
the passages 4, A, and 4. The grate is supported in the 
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single large flue C. The heated gases pass from the furnace 
to the rear through the flue C, they then return beneath 
the boiler through the flue 4, and finally return to the 
rear through the side 
flues A, A,and thence 
out of the chimney. 


This path of the gases 


constitutes the split 


draft. 

It was formerly the 
general practice to 
arrange the _ brick- 
work setting so that 
Ene Gases “returned 
to the front through 
the side flues A, A 
and returned to the 
rear through the 
lower flue B. It was found, however, that this practice 
retarded the circulation of the water and rendered the 
shell more liable to strains due to unequal expansion and 
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contraction. Consequently, the first method of produ- 
cing the split draft is used almost exclusively 1n modern 
practice. 

As shown in the figure, the brickwork passages are lined 
with firebrick. 


10. The Lancashire boiler is a modification of the Cor- 
nish type. In order to give a large grate area and a large 
heating surface for the same diameter of shell, two large 
furnace flues are substituted for the one flue of the Cornish 
type. The brickwork setting (Fig. 10) is precisely similar 
to that of the Cornish boiler, Fig. 9, and the split draft is 
formed in the same manner. 

The large furnace flues of internally fired boilers, of which 
the Cornish and Lancashire are examples, are subjected 
to an external collapsing pressure equal to the pressure 
of the steam. The greater the diameter of the flue, the 
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more liable it is to collapse; consequently, the Lancashire 
possesses an advantage over the Cornish type in this respect, 
since each of its two flues is necessarily of smaller diameter 
than the single flue of the Cornish boiler. Various measures 
are taken to strengthen the furnace flues of internally fired 
boilers. They are 
sometimes made cor- 
rugated; again, they 


are strengthened by 
having channel irons 


riveted around them. 
A very common 
method, however, is 
to stiffen them by 


transverse conical 


water legs, as shown 
in Fig, 11. Phe water 
legs not only stiffen 
the flue, but also pro- 
vide an opportunity 
for the circulation of the water and split up the gases on 
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their way through the flue, thereby providing an increased 
heating surface. 


11. The Galloway boiler is a sort of combination of 
the Cornish and Lancashire types. It has two internal 
furnace flues fitted with grates, ash- 
pit, etc. in the usual manner. Instead 
of extending through the whole length 
of the shell, the two flues unite just 
behind the bridge into one large kidney- 
shaped flue that extends from this junc- 
tion to the rear head of the shell. This 
large flue is strengthened by a large 
number of water legs of the form shown 
in Fig. 11. The setting of the Gallo- Eom 
way boiler is similar to that shown in Figs. 10 and 11. The 
draft is split as previously described. 
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12. The Cornish, Lancashire, and Galloway boilers be- 
long to the general class known as internally fired boilers. 
The chief objection to these three types of boilers is 
the liability of the internal flue to collapse and the strain- 
ing actions set up by the expansion and contraction of the 
flue. The chief point in favor of these boilers and in favor 
of internally fired boilers generally is their economy in the 
use of fuel. Generally speaking, all conditions being the 
same, an internally fired boiler is 10 per cent. more econom- 
ical than an externally fired boiler. This fact is due to the 
loss of heat by radiation through the brickwork setting of 
the latter class of boilers. 

The three types of boilers just described are extremely 
popular in England and on the continent of Europe, but 
they are little used in America. 


13. The Clyde Boiler.—A stationary boiler combining 
the features of the Lancashire and multitubular types is 
shown in Fig. 12. In consists of a large cylindrical shell a, 
the ends of which are closed by the flat ‘heads 6, 6. A large 
furnace flue c of the corrugated type, known technically as 
the Morison suspension furnace flue, extends clear 
through the boiler and is securely riveted to the two heads, 
which are flanged inwards for this purpose. Above and 
beside the furnace flue and parallel thereto and below 
the water-line is a nest of tubes @ that extend from head to 
head. The front ends of these tubes open into a smokebox ¢ 
that connects with the chimney or stack (7. The flat heads 
are stayed by through stayrods g, g in the steam space, 
which prevent deflection of the heads. The remaining 
parts of the flat heads are supported by the tubes, which are 
expanded and beaded over, and by the furnace flue. 

The furnace is placed within the furnace flue and, as 
usual, consists of the grate /, the ash-pit z, and the bridge &. 
The gases of combustion flow to the rear into the combus- 
tion chamber / and then pass through the tubes to the front 
and into the smokebox. The combustion chamber is formed 
by a thin cylindrical shell attached to the rear end of the 
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boiler, and is lined with firebrick, as shown. A door J’ gives 
access to the combustion chamber for the removal of ashes 
and soot and for the purpose of examination and repair. 
This type of boiler evidently gives a very large amount of 
heating surface in proportion to the space it occupies. 

The feedwater enters the boiler at 7 and, passing through 
the internal perforated feedpipe wz, is discharged downwards 
alongside the shell in small streams. The various fittings 
are not shown in the illustration. The steam gauge and 
water column would naturally be located close to the front 
end of the boiler; the safety valve is intended to be bolted 
to tne. outlet vo and the steam pipe to the outlet. o” of the 
nozzle 0. The steam is collected by the dry pipe /, which 
is perforated with numerous slots on top. The dry pipe is 
fairly effective in freeing the steam from any water that may 
be mixed with it. The manhole is at g and two handholes 
at r. The blow-off is attached at s. The boiler is entirely 
self-contained, 1. e., it does not require any brickwork setting. 
It is simply bolted to three saddles that rest upon and are 
fastened to a suitable foundation. 

A boiler of the kind just illustrated resembles the Scotch 
boiler used in marine work, and differs from it only in the 
fact that the combustion chamber is not surrounded by 
water. For this reason it is often called a dry-back Seoteh 
boiler, although some engineers refer to it as the Clyde 
boiler, presumably because this type was originally designed 
in the shipyards of the Clyde, England. 


14. Yhe Locomotive, or Firebox, Boiler.—Next to 
the multitubular type, the firebox boiler is probably used 
more than any other type. It is used exclusively in railway 
service and also largely as a stationary boiler. <A large 
proportion of the small portable combined engines and 
boilers used for agricultural purposes are of this type. The 
general construction is shown in Fig. 13. The shell is 
composed of two differently shaped parts riveted together. 
The front part of the shell is cylindrical; the rear part is 
usually of a rectangular cross-section with vertical sides or 
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of a trapezoidal section with inclined sides: in either case 
the top is semicylindrical. The furnace /* is a box of the 
same shape as the rear end of the shell in which it is placed. 
A space is left between the sides and end of the furnace 
and the shell; this space is filled with water, as shown 
at A, A. A series of tubes extends from the front sheet of 
the furnace, or firebox, to the front head of the shell. The 
shell is prolonged beyond the front head, forming a smoke- 
box #2, into which opens the stack C. 

As shown in this figure, the ‘‘ water legs” (as the spaces 
A, A are called) extend only as far as the grate, the ash- 
pit D being formed in the brick setting. In many boilers of 
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this type the water legs extend to the bottom of the ash-pit, 
and sometimes there is a water space below the ash-pit; 
that is, the furnace and ash-pit are entirely surrounded by 
water and no brickwork setting is required. 

The boiler is supported at the front end by the cast-iron 
cradle / that rests upon the masonry foundation G. The 
rear end is supported upon a brick wall, which also forms 
the ash-pit. The boiler is usually provided with a dome H, 
from which is led the main steam pipe, which is bolted on at 
K. In the figure, the dome is provided with a manhole Z. 
The feedwater may be introduced at any convenient point 
in the shell. The pressure gauge, water glass, and gauge- 
cocks are attached to the column J/, which is placed in 
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communication with the interior of the shell. The furnace 
and ash-pit doors are shown at JV and O, respectively. The 
safety valve is usually attached to the dome. 

Since the flat sides of the furnace and shell are liable to 
bulge on account of the pressure, they must be braced or 
stayed. This is accomplished by the staybolts S, S. The 
flat top of the firebox is strengthened by a series of paral- 
lel girders P, P. As an additional security, the girders’are 
sometimes attached to the shell by the ‘‘ sling stays” A, 2X. 

The gases of combustion pass directly from the furnace 
through the tubes 7, 7 to the smokebox # and out of the 
stack C. In locomotives, a strong draft is obtained by 
allowing the exhaust steam to discharge through the smoke- 
stack. The escaping steam carries along the air and the 
escaping gases in the smokebox 4, thereby drawing a new 
supply of gases through the tubes 7, 7 and a supply of 
air through the grate. 

The tubes of the locomotive boiler are about 12 feet long, 
2 inches in diameter, and are made of iron or steel. The 
tubes of stationary and portable boilers of this type are 
generally of larger diameter, as there is less demand for 
great quantities of steam. 

The locomotive type of boiler evidently is self-contained. 


15. The Vertical Boiler.—This type is essentially a 
modification of the locomotive type placed on end. A com- 
mon form of vertical boiler is shown in Fig. 14. It consists 
of a vertical cylindrical shell, in the lower end of which is 
placed a firebox /. The lower rim of the firebox and the 
lower end of the shell are separated by a wrought-iron 
ring #, to which both are riveted, the rivets going through 
both plates and ring. The shell and firebox are also stayed 
together by the staybolts a, a. The space between the two 
is filled with water, so that the firebox is surrounded by it. 
The boiler shell and likewise the grate / rest upon a cast- 
iron base J that forms the ash-pit. A series of vertical 
tubese?, 7 extend irom the top sheet of the firebox.to the 
upper head of the shell. ‘The tubes serve as stayrods and 
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strengthen the flat surfaces that they connect. The upper 
ends of the tubes open directly into the chimney or smoke- 
stack K. The gases from the furnace thus pass directly 
through the tubes and out of the stack. 
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The safety valve is shown at 7, with the main steam 
pipe G leading from it. The pressure gauge P and gauge- 
cocks ¢, c, ¢ are attached to a column Z that communicates 
in the usual manner with the interior of the shell. The 
construction of this type of boiler does not generally permit 
the use of manholes, but handholes 7, 17 are placed in con- 
venient positions for cleaning out mud and sediment. 
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16. When the tubes extend through the upper head of 
the boiler, as shownin Fig. 14, their upper ends pass through 
the steam space S above the water-line VY V. This is 
looked upon as a bad feature, since the tubes are liable to 
become overheated and thus collapse when the boiler is 
forced: 

In the form of vertical boiler shown in Fig. 15, this danger 
is avoided. A chamber, or smokebox, / extends from the 
upper head of the shell so that its bottom plate is always 
below the water-line. The upper ends of the tubes ¢/, ¢ are 
expanded into the lower plate of this chamber, and there- 
fore the tubes are always surrounded by water from end to 
end. <A vertical boiler constructed in this manner is said to 
have a submerged head. Aside from the submerged head, 
the construction of the boiler of Fig. 15 1s similar to that of 
Fig. 14. 

Vertical boilers are generally wasteful of fuel and are per- 
haps more liable to explosion than any other type. They 
are, however, self-contained, require but little floor space, 
and are easy to construct and repair. For these reasons the 
vertical type of boiler is very popular with a large class of 
steam users. 


1%. The tubular boilers so far described belong toa gen- 
eral class known as fire-tube boilers, and any boiler in 
which the flames and gases of combustion traverse the zszde 
of the tube or flue belongs to this class. 


WATER-TUBE AND SECTIONAL BOILERS. 


18. Of late years, a type of boiler has come into exten- 
sive use in which the flames and gases of combustion are in 
contact with the ouwfszde of the tubes. The water is con- 
tained inside the tubes; hence, these boilers are known as 
water-tube boilers. Some of the leading types of water- 
tube boilers are described in the following articles. 
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19. The Babcock and Wilcox water-tube boiler is 
shown in Fig. 16. It consists essentially of a main horizon- 
tal drum #7 and of a series of inclined tubes 7, 7. (Only a 
single vertical row of tubes is shown by the figure, but it 
will be understood that each nest of tubes is composed of 
several vertical rows.) There are usually seven or eight of 


ee 


these vertical rows to each horizontal drum. The front 
ends of the tubes of a vertical row are all expanded into a 
hollow header //, The rear ends are expanded into a simi- 


lar header, and the front and rear headers are placed in 
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communication with the drum by tubes, or risers, C and C, 
respectively. In front of each tube, a handhole is placed in 
the header for the purpose of cleaning, inspecting, or remoy- 
ing the tubes. 

The method of supporting the boiler is not shown in the 
figure. The usual method is to hang the boiler from wrought- 
iron girders resting on vertical iron columns. The brick- 
work setting is not depended on as a means of support. 
This make of boiler, in common with all others of the water- 
tube type, requires a brickwork setting to confine the fur- 
nace gases to their proper field. 
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20. The furnace is of the usual form and is placed 
under the front end of the nest of tubes. The bridge wall 
G is built up to the bottom row of tubes; another firebrick 
wall A is built between the top row of tubes and the drum. 
These walls and the baffle plates S, S force the hot furnace 
gases to follow a zigzag path back and forth between the 
tubes. The gases finally pass through the opening 4 in the 
rear of the wall into the chimney flue. 

The feedwater is introduced through the feedpipe FZ. 
The steam is collected in the dry pipe /, which terminates 
in the nozzles J/ and JV, to one of which is attached the main 
steam pipe and to the other the safety valve. 

The presstire gauge, cocks, etc. are attached to the 
column that communicates with the interior of the shell by 
the small pipes wu and v, the former of which extends into 
the dry pipe, the latter into the water. 

At the bottom of the rear row of headers is placed the 
mud drum 2. Since this drum is the lowest point of the 
water space, most of the sediment naturally collects there. 
This sediment may be blown out from time to time through 
the blow-off pipe ?. The drum / is provided with a hand- 
hole QG. A manhole £& is placed in the front head of the 
drum &. The heads of the drums are of hemispherical form 
and therefore do not require bracing. Access may be had 
to the space within the walls through the doors / and //. 


21. The circulation of water takes place as follows: The 
cold water is introduced into the rear of the boiler; the 
furnace being under the higher end of the tubes, the water 
in that end expands upon being heated, and is also partially 
changed to steam; hence, a column of mingled water and 
steam rises through the front headers to the front end of 
the drum #, where the steam escapes from the surface of 
the water. In the meantime, the cold water fed into the 
rear of the drum descends to the rear headers through the 
long tubes C to take the place of the water that has risen in 
front. Thus, there is a continuous circulation in one direc- 
tion, sweeping the steam to-the surface as fast as it is 
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formed and supplying its place with cold water. Most of 
the sediment sinks to the mud drum /, from which it is 
blown out from time to time. 

22, The Root water-tube boiler is shown in Figs. 17 
and 18, the latter being an end view with the brickwork 
removed so as to show the various drums and connections. 
The construction of this boiler is very similar to that of the 
one just described. There is a nest of inclined tubes, 
the ends of which are expanded into cast-iron headers. The 
headers are placed in communication by the U-shaped return 
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bends a, a. A continuous channel is therefore provided 
for the circulation of the water through the headers. There 
is a horizontal overhead drum 4 for each vertical section of 
tubes. These drums 4, 4 are placed in communication with 
the transverse drum # by the tubes C, C. The drum B is 
in turn connected with the lower drum /7 by the two large 
water legs D, D. Finally the drum AH communicates with 
the rear headers through the tubes Z, Z. There is thus an 
open circuit through the tubes 7, drum 4, tubes C, drum B, 


§ 12 TYPES OF STEAM BOILERS: 21 


water legs D, drum //7, and tubes Z. The water-line is at 
about the middle of the drums 4, 4, and the steam arising 
from the surface of the water V U ir 

first passes into the drum 7? and 


then into the main steam drum S 
throueh the pipes 0, Oo Lhe 


main steam pipe, the safety 
valve, and other fittings may 
be attached to the drum S at the 
, and W. 

The feedwater is introduced 
into the drum / through the feed- 


nozzles U, } 


pipe VV. The circulation takes & B ey 
place in the same manner asin 8& 
the boiler previously described. BAAR DSeGay ps 
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wecess may be had to the 
interior of the setting through the doors /, / The steam 
drum is provided with a manhole. The rear end of the 
boiler is supported by the brickwork foundation; the front 
end is supported by a beam G hung from the I beam £. 

The arrangement of the bridge and baffle plates /, / and 
the course of the heated gases are precisely the same as in 
the Babcock and Wilcox boiler. 


23. The Heine water-tube boiler, shown in Fig. 19, 
differs in many respects from those already described. It 
consists of a large main drum 4 that is above and parallel 
with the nest of tubes 7, 7. Both drum and tubes are 
inclined at an angle with the horizontal that brings the water 
level to about one-third the height of the drum in front and 
about two-thirds the height in the rear. The ends of the 
tubes are expanded into the large wrought-iron water 
legs B, B. These legs are flanged and riveted to the shell, 
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which is cut out for about one-fourth its circumference to 
receive them, the opening being from 60 to 90 per cent. of 
the cross-sectional area of the tubes. The drum heads are 
of a hemispherical form and therefore do not need bracing. 

The water legs form the natural support of the boiler, the 
front water leg being placed on a pair of cast-iron columns & 
that form part of the boiler front, while the rear water leg 
rests on rollers (shown at /’) that may move freely ona 
cast-iron plate bedded in the rear wall. These rollers allow 
the boiler to expand freely when heated. 
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The boiler is enclosed by a brickwork setting in the usual 
manner. The bridge G, made largely of firebrick, is hollow, 
and has openings in the rear to allow air to pass into the 
chamber / and mix with the furnace gases. This air is 
drawn from the outside through the channel Q in the side 
wall and is, of course, heated in passing through the bridge. 
In the rear wall is the arched opening O that is closed by a 
door and is further protected by a thin wall of firebrick. 

When it is necessary to enter the chamber /, the wall may 
be removed and afterwards replaced. 
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The feedwater is brought in through the feedpipe V 
which passes through the front head. As the water enters, 
it flows into the mud drum /), which is suspended in the 
main drum below the water-line, and is thus completely sub- 
merged in the hottest water in the boiler. This high tem- 
perature is useful in precipitating the impurities contained 
in the feedwater, which settle in the mud drum J and may 
then be blown out through the blow-off pipe J/. 

Layers of firebrick 7, H are laid at intervals along the 
rows of tubes and act as baffle plates, forcing the furnace 
gases to pass back and forth around the tubes. The gases 
finally escape through the chimney AZ placed above the rear 
end of the boiler. To protect the steam space of the drum 
from the action of the hot gases, the drum in the vicinity of 
the chimney is protected by firebrick, as shown in the figure. 

The steam is collected and freed from water by the per- 
forated dry pipe K. The main steam pipe, with its stop- 
valve, isshown at XX, the safety valve at Z. In order to 
prevent a combined spray of mixed water and steam spurt- 
ing from the front header and entering the dry pipe, a 
deflecting plate Z is placed in the front end of the drum. 

A manhole Y is placed in the rear head of the drum. The 
flat sides of the water legs are stayed together by the stay- 
bolts S, S, which are made hollow so as to give access to the 
outside of the tubes. In front of each tube is placed a 
handhole C that gives access to the interior of the tubes. 

Where .a battery of several of these boilers is used, an 
additional steam drum is placea above and at right angles to 
the drums A. 24, 


24. The Stirling boiler, shown in Fig. 20, isa departure 
from the regular type of water-tube boilers. It consists of 
a lower drum A connected with three upper drums 4, 4, B 
by three sets of nearly vertical tubes. These upper drums 
are connected by the curved tubes. C, C, C. The curved 
forms of the different sets of tubes allow the different parts 
of the boiler to expand and contract freely without strain. 

The boiler is enclosed, as shown, in a brickwork setting 
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that is provided with various holes //, //, sothat the interior 
may be inspected or repaired. The boiler is suspended from 
a framework of wrought-iron girders not shown in the figure. 

The bridge / is lined with firebrick and is built in con- 
tact with the lower drum A and the front nest of vertical 
tubes. Anarch Dis built above the furnace, and this, in 
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connection with the bafflers /, /, directs the course of the 
heated gases, causing them to pass up and down between 
the tubes. The arch and bafflers are made of firebrick. 
The cold feedwater enters the rear upper drum and 
descends through the rear nest of tubes to the drum 4, 
which acts asa mud drum and collects the sediment brought 
in by the water. A blow-off pipe V permits the removal of the 
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sediment. The steam collects in the upper drums 2, 2. The 
steam pipe and safety valve S are attached to the middle drum. 

The chimney 7 is located behind the rear upper drum. 
Therefore, the cold feedwater enters the coolest part of the 
boiler, and the circulation of the water is directly opposite 
that of the escaping hot gases. 

The water column JZ, with its fittings, is placed in com- 
munication with the front upper drum. All the drums are 
provided with large manholes ¢. 


25. The Hazelton or poreupine boiler, shown in 
Fig. 21, is a vertical water-tube boiler of peculiar form. 
As shown in the figure, it 
consists of an upright cylin- 
der A, into which are ex- 
panded a large number of 
radial tubes 4, 4, whose 
outer ends are closed, while 


the inner ends open into the 


eviinder wi. "The: boiler is 
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enclosed in a circular brick- 
work wall, on top of which 
is placed the chimney //, 
which is provided with a 
damper for regulating the 
draft. Below the tubes the 
wall is lined with firebrick 


and projects inwards, form- 
ing the furnace 4. There 
are several fire-doors spaced 


equidistant around the cir- 
cumference, one of which is 
shown at A. The grate G 
forms a ring between the 


central cylinder and the ex- 
ternal brick wall. The space 
below the grate serves as 
the ash-pit. The water is Fic. 21. 


foterere 


il 


| 


VAm 


zo 


rh (out 5 
co] 


a 


TAT 
Ul = 
P20 


a 


| 


| 


he 
| 


i] 
| — 
1 
\ 
ili 
th 
one 


ed 
L] 
(== | 


ic 


FIG, 22, 


§ 12 TYPES OF STEAM BOILERS. 27 


contained in the cylinder and tubes. The sediment natu- 
rally collects in the bottom of the cylinder and is blown out 
through the pipe ) or removed through the manhole C. 
The steam is collected in the perforated dry pipe P and 
led to the main steam pipe 7. The safety valve is shown 
at V and the water column at Z. The openings O, O are 
left in the wall so that the interior may be inspected. 

The heated gases pass from the furnace / between the 
tubes 4, 4, and by the time they have reached the chimney, 
the heat has been mostly absorbed by the water in the tubes. 

This boiler does not require to be suspended in any way; 
the whole weight rests upon the foundation, which may be 
built in the ground. 


26, The Morrin “Climax” boiler, shown in Fig. 22, is 
a water-tube boiler that somewhat resembles the porcupine 
boiler, and differs from it chiefly in that instead of radial 
tubes the standpipe or main shell a@ is fitted with a large 
number of loop-like tubes 4, 0, the ends of which are 
expanded into the shell. The furnace is circular, as in the 
porcupine boiler, and in order to give free access to the fire, 
four furnace doors are provided. A deflector plate d is 
fitted to the shella little above the water level, which tends to 
throw back any water carried up by the steam. The upper 
portion of the central shell is divided by a series of dia- 
phragms ¢, ¢ intoa series of superheating chambers, through 
which the steam is compelled to circulate successively by 
the connecting loop-like tubes. The steam thus becomes 
thoroughly dried and somewhat superheated before it enters 
the main steam pipe 7. The feedwater coming from the 
pump is discharged through the delivery pipe g into a 
spiral feed-coil # resting on top of the tubes, where it is 
heated to a high temperature. It leaves the coil through 
the pipez and passes downwards, finally being discharged into 
the bottom of the shell through the internal feedpipes 7, 7. 
The water column # is connected to the top and bottom of 
the central shell. The safety valve is attached to a T placed 
in the main steam pipe close to the boiler. 


KANSAS 
SS 


§ 12 TYPES OF STEAM BOILERS. 29 


2%. The Cahall boiler may aptly be called a vertical 
water-tube boiler. Asa reference to Fig. 23 will show, it 
consists of a cylindrical mud drum a and steam drum 4, which 
are connected by nearly vertical tubes. The furnace c is 
placed to one side of the boiler, and the gases of combustion 
surround the tubes and finally pass through a central passage 
in the steam drum to the smokestack. The steam becomes 
slightly superheated in this steam drum, through coming in 
contact with the surface of the central passage, which is kept 
at a fairly high temperature by the escaping gases. The steam 
drum and mud drum are connected by an external circula- 
ting pipe @ that enters the steam drum some distance below 
the water-line. The feedwater enters the mud drum and, 
becoming highly heated, rises through the vertical tubes to 
the steam drum, where the steam bubbles are liberated. 
Some of the water in the lower part of the steam drum flows 
continually into the circulating pipe, and since this pipe is 
not exposed to the heat of the fire, the density of the water 
init is much greater than the density of the water in the 
vertical boiler tubes. In consequence, the water is continually 
flowing downwards and a rapid circulation is promoted. 


28. The Harrison safety boiler, shown in Fig. 24, is a 
sectional safety boiler, but not of the water-tube type. It 
is composed of hollow cast-iron or steel sections 4, A, called 
units, that are accurately faced and bolted together. Each 
section 1s composed of two or more approximately spherical 
vessels, and the sections are bolted together in a zigzag 
manner, as shown in the figure, so as to form a solid slab. 
Each bolt runs from top to bottom through all the units, as 
shown at C. There are several of these vertical slabs of 
sections suspended side by side from the girders 4, LB. 

The boiler is enclosed by a brickwork setting that is 
lined with firebrick. The top of the boiler is likewise cov- 
ered with firebrick to prevent radiation. The wall is pierced 
with the openings ), DY for the purpose of inspecting the 
interior. The bridge G and bafflers 17, // direct the hot 
gases back and forth between the sections. 
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The feedwater enters the boiler at its lowest point through 
the feedpipe VV. The steam pipe is bolted on at the flange /. 
The water column Z, placed in front at the height of the 
water level, is connected by pipes with the steam and water 
spaces, respectively. 

The chimney flue is placed at the rear near the floor; the 
draft is regulated by the damper 7. 


FIG. 24. 


The boiler is essentially a safety’ boiler. If the steam 
pressure becomes excessive, the bolts C will elongate a little 
and allow steam to escape through the joints. Evenif the 
pressure should be sufficient to burst a unit, there would be 
no disastrous explosion, and it would be only necessary to 
replace the unit. 


29. Comparative Advantages of Water-Tube and 
Fire-Tube Boilers.—In all water-tube boilers, the whole or 
the greater part of the heating surface is formed by the 
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outer surface of the tubes of which the boiler is composed. 
The lower half of the steam drum, up to the fire-line, is 
also considered as heating surface. 

The various water-tube boilers just described are coming 
into extensive use, some of the most important advantages 
‘claimed for boilers of this class being: (1) Accesstbrlity , 
(2) ease of repair ; (3) small cost of repairs ; (4) rapidity of 
steam gencration without undue straining, (5) safety from 
disastrous explosions ; (6) economy of fuel. 

Of these claims, the first five have been pretty well estab- 
lished as being correct. Regarding the sixth claim, it 
cannot be denied that in many instances fire-tube boilers 
have been replaced with water-tube boilers and a marked 
degree of saving of coal has been effected. On the other 
hand, ordinary fire-tube boilers, when properly designed, 
set, and operated, have often shown the same economy, and 
it is most likely that under equally advantageous conditions 
either class will show practically the same economy. 


30. The safety from disastrous explosions is due to the 
small amount of water contained in the water-tube boiler, 
and also to the greater comparative strength of the tubes, 
owing to their small diameter. Instead of a large body of 
highly heated water being suddenly lhberated and converted 
into steam, as is the case if a sheet of a fire-tube boiler 
ruptures, the splitting of one or even of a number of tubes 
of a water-tube boiler will only permit the gradual escape of 
a small body of water. While this may occasionally prove 
disastrous to the attendant, the damage to property and to 
persons in the vicinity is likely to be very small. 


31. Disadvantages of Water-Tube Boilers.—Some 
of the objections raised against water-tube boilers are: 
(1) The splitting of one tube will throw the boiler tempo- 
rarily out of service; (2) difficulty of maintaining the water 
level. 

The first objection seems to be valid, since temporary 
repairs cannot be effected without shutting down. In a 
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fire-tube boiler a split tube can be temporarily repaired very 
quickly by plugging, and this can be done without throwing 
the boiler out of service. 

Regarding the second objection, it is plain that as water- 
tube boilers contain but a limited quantity of water, it 
requires constant feeding to replace the water evaporated 
into steam. But as pumps and injectors can be regulated 
to a nicety to supply the required amount of water, the 
difficulty of maintaining a steady water level is not a 
serious one, 


32. There is an endless variety of water-tube boilers, 
but the principles of operation are practically the same in 
all of them. After studying carefully the chapter on water- 
tube boilers, the student should experience no difficulty in 
understanding the operation of any water-tube boiler of 
which he may be placed in charge. 


MISCELLANEOUS TYPES. 


30. In addition to the types of boilers above described, 
there are many others embodying special features or of 
peculiar construction. Some of these are modifications of 
the types already described; others have nothing in common 
with them. 


34. Of these miscellaneous types, the Field boiler 
may be mentioned. This boiler consists of a vertical cylin- 
drical shell containing a plain flat-top firebox. <A single 
large flue passes from the crown sheet of the firebox through 
the upper head of the boiler shell to the chimney. The 
remarkable feature of this boiler is the use of the so-called 
Field tubes. The construction of one of these tubes is 
shown in Fig. 25. It consists of two concentric tubes, the 
outer one being closed at one end and open at the other, 
which is expanded into the crown sheet C; the closed end 
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hangs down into the firebox in contact with the hot fur- 
nace gases. The inner tube Z is open at both ends and 


is suspended inside the outer tube : 
by pins or feathers. The upper end 


of the inner tube is expanded so: 


as to give a free entrance to the: 
water. 

The tubes being suspended in the 
firebox and exposed to intense heat, 
there is a rapid formation of steam, 
which rises to the surface through the 
space between the outer and inner 
tubes. “& stream of waiter is. thus 
kept continually flowing downwards 
through the inner tube to supply the 
place of the rising steam, and the 
result is a rapid and continual circu- 
lation within the tubes. 

Field tubes are also used in other 


botiers. Sometimes they are hung in 
the furnace flues of Cornish and Lan- 
cashire boilers. ‘They are also used in 


some forms of fire-engine boilers. 


CIRCULATION OF WATER IN STEAM BOILERS. 


35. Transmission of Heat.—The transfer of the heat 
generated by burning fuel in the furnace to the water in the 
boiler is accomplished, in the order named, by radza/zon, 
conduction, and convection. 


36. Radiation of heat is the transfer of heat through 
space; conduction of heat may be defined as the transfer of 
heat through solids; and convection, as the transfer of heat 
through liquids or gases. The heat generated in the furnace 
is transmitted to the plates of the boiler principally by radia- 
tion. Convection also plays an important part in the 
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transfer of heat from the fire to the boiler; as the hot gases 
pass from the fire through the flues and tubes, currents are 
formed that bring successive portions into contact with the 
boiler surface, thus enabling them to give up their heat to 
the boiler. Heat is transmitted through the plates and 
tubes by conduction and through the water in the boiler by 
convection. 


37. Circulation is the name given to the motion of the 
water under the influence of heat. The water nearest the 
plate becomes heated, expands, and thus becoming lighter, 
rises to the top. In consequence, cold water will flow in 
from the sides and take its place, become heated in turn, 
and rise. Now, the rapidity with which the transfer of heat 
by convection will take place naturally depends on the 
rapidity of the circulation. If this is interfered with, the 
transfer of heat will be slow; on the other hand, if the cir- 
culation is free»-the transfer of heat will be rapid. Toa 
small extent the transfer of heat depends on the quality and 
thickness of the material through which the heat passes by 
conduction; the influence of this, however, has experi- 
mentally been shown to be small. 


38. Water circulation is essential to the efficient opera- 
tion of a boiler, since with a good circulation more of the 
heat will be absorbed by the water and less will pass up the 
chimney. Furthermore, a rapid circulation to a certain 
extent prevents the deposit of sediment carried in with the 
feedwater. It also tends to keep all parts of the boiler at a 
uniform temperature. 


39. The circulation of the water in a horizontal return- 
tubular boiler is shown in Fig. 26. The heated water rises 
from the hottest part of the bottom of the shell, which is 
directly above the furnace, thus carrying the steam bubbles 
to the surface. The cooler water from the rear of the boiler 
flows in to take the place of that which has risen, and thus 
circulation is maintained in the general direction indicated 
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by the arrows. It will be noticed that the horizontal direc- 
tion of the circulation is contrary to that of the gases from 
the furnace. Jn cylinder boilers the water is contained in a 
solid mass, and there is nothing to interfere with the free 
circulation. In flue boilers and tubular boilers, however, the 
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flues and tubes break up the body of water in such a manner 
as to cause numerous small currents that oppose the general 
direction of the circulation more or less. In order to have 
the circulation interfered with as little as possible, the tubes 
should not be spaced too closely together. 


40. Uniform Circulation.—It is one of the strong 
points of correctly designed water-tube boilers that the 
circulation is strong and uninterrupted by any opposing 
currents. This is accomplhshed by passing the water always 
in the same direction through the series of tubes. The 
difference between the cylindrical and water-tube boilers in 
this respect may be illustrated as follows: The cylindri- 
eal boiler with its mass of water. may be compared to an 
ordinary kettle in the process-of boiling (see Fig. 27). The 
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water rises rapidly around the outer edges and flows down- 
wards in the center. If, however, the fire is quickened, the 
upward and downward currents interfere with each other 
and the kettle boils over. 


i 


(IRE 


FIG. 27. FIG. 28. 


The water-tube boiler is and should be identical in principle, 
with a U tube depending from a vessel filled with water with 
the heat. applied to one leg (see Pie. 28). The circulation 
is set up immediately and proceeds quietly no matter how 
fierce the fire may be. 


DOPE En Or AILS, 


METHODS OF CONNECTING. BOILER 
PLATES. 


1. Inthe construction of a boiler, the following order of 
operations is usually followed in the shop: The flat plates 
from the rolling mill are ‘cut or sheared to the desired size; 
after being sheared they are placed in a machine that planes 
the rough edges. Next the rivet holes are punched or 
drilled in the edge of the plate. The plate is then passed 
through large rolls and bent to a cylindrical form in such 
a manner that the corresponding rivet holes in the two 
edges come opposite one another. One or two bolts are 
put through to hold the edges together, and the plate is 
then riveted. ‘The heads are flanged and riveted in place. 
After the riveting is completed, the tubes are put in and 
expanded, the stays are put in place, and the boiler is ready 
for its setting. The details of construction will now be 
considered, 


RIVETING. 


2. Rivets.—Common forms of rivets are shown in 
Figs. 1 to 5. In Figs. 1 and 2 are shown examples of hand 
riveting; in the first case, the head is hammered down toa 
cone, while in Fig. 2 the rivet has a cup, or snap, head. 
This form of head is produced by first hammering the rivet 
down roughly and then finishing the head by a cup-shaped 
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die called the button set. The dotted lines in the figure 


show the shape of the rivet shank before being upset by the 
hammer. 


3. The rivets shown in Figs. 3 and 4 are examples of 
machine riveting. The rivet is placed between two dies 
which are forced together by heavy steam or hydraulic pres- 
sure. The most important advantages of machine riveting 

ipergy Ck oe | 


FIG. 3. Fic. 4 


are the following: By means of the force with which the 
plates can be held together while the head is being formed, 
a tighter joint can be made; the heavy pressure used to 
upset the rivet and form the head causes it to expand and 
fill the hole more completely than it will when headed by 
the blows of a hammer; when a large number of rivets 
is to be driven, machine riveting is cheaper than hand 
riveting. 


A rivet with countersunk head is shown in Fig. 5. Such 
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riveting is sometimes necessary where a smooth surface is 
needed for the attachment of 
boiler mountings. In Figs. 4 
and 5 the holes in the plates 
are countersunk shehtly under 
the rivet heads. This provides 
for an increase in the size of the 
rivet just under the head and 
makes the rivet much stronger 
than is the case where the con- 


nection between head and rivet 
forms a sharp angle, as in Figs. 1, 2, and 3. 

As shown in the figures, the rivets, before being headed, 
are slightly smaller than the hole, so that they may be 
inserted easily. It is the general rule to make the rivet 
hole ~y inch larger than the rivet. When the work is 
properly done, the upsetting action of heading the rivets 
causes them to fill the holes when headed down. 

4, Riveted joints of different forms are shown in 
Figs. 6 to 9. When one plate overlaps the other and the 
two are joined with 


one or more lines 
of rivets, as shown 


in Figs. 6 and %, 


the joint is said to 


be lap-riveted. 
When, however, 
ihe plates, are 


placed edge to 
FIG. 6. edge, as in Figs. 8 


and 9, and the joint is covered with one or two plates, the 


’ 


joint is called a butt joint. 


5. Fig. 6 represents a single-riveted lap joint, that is, 
the plates are overlapped and joined with one row of rivets. 
The distance f from center to center of the rivet holes is 
called the pitch of the rivets. The distance / from the 
center line of the rivet hole is usually made 1} times the 
diameter @ of the rivet hole. 
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6. Fig. % shows a double-riveted lap joint. The 
rivets may be staggered, as shown in the figure, which 
method is commonly 


called zigzag rivet- 
ing, or placed one 


behind the other, as 
in Fig. 9. In the lat- 
ter case the joint is 
chain-viveted. Ina 
zigzag riveted joint, 
the distance from 
the center of one 


rivet to the center of 
the next rivet in the other row is called the diagonal pitch. 
It is quite customary in boiler construction to single-rivet 
the girth seams and double-rivet the longitudinal seams, 
since the stress on the latter is twice that on the former, 
as will be shown further on. 


4. A butt joint with a single cover-plate is shown in 
Fig. 8, while a butt joint with two cover-plates is shown in 
Fig. 9. Either may be 
riveted with one, two, 


or more rows of rivets; 
Fig. 9 shows an exam- 
ple of chain-riveting. 
A well-designed butt 
joint with two plates 
will be stronger than 


one with a single plate. 
Butt joints are gener- 


ally used for plates over 
4 inch thick and are taking the place of lap joints in-good 
designs of smaller work. When one cover-plate is used on 
a butt joint, its thickness should not be less than 11 times 
the thickness of the plate; when two cover-plates are used, 
the thickness of each should not be less than about 2 of the 
plate thickness. 
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Arrangement of Joints and Plates.—The plates of 


8, 
externally fired boilers should be arranged so that the riveted 


FIG. 9. 
This may be 


joints are as far as possible from the fire. 
accomphshed by using extra large plates for the furnace 


end ot the shell. 


@ 
@ 
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Fic. 10. 


Wherever a girth seam occurs, the longitudinal seams 
In order to make 


should break joint, as shown in Fig. 10. 
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a tight joint where the three plates come together, the inner 
plate of the longitudinal joint must be hammered thin at 
the edge, as shown in Fig. 11, 


In the construction of both vertical and horizontal shells, 
it is customary to have the inside lap facing downwards, 
since if it faces upwards, a ledge is formed on which sedi- 
ment may be deposited. 

Since wrought-iron plates are stronger in the direction of 
the fiber, they should be arranged so that the fiber runs 
circumferentially around the shell; that is, in the direction 
of the girth seams. 


FIG, 12. BiG. 13: FIG. 14. Fic. 15. 


9. Connecting Plates.—Different methods of connect- 
ing plates at right angles are shown in Figs. 12 to 15. In 
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Fig. 12 the two plates are riveted to an angle iron. This 
construction is used sometimes for connecting the heads of 
a boiler to the shell. As shown in Figs. 13 and 14, the head 
is flanged and riveted to the shell, while in Fig. 15 the head 
and shell are connected by a flanged ring. The methods of 
connection shown in Figs. 13 and 14 are generally considered 


Fic. 16. Fic. 19. Fic. 18. 


preferable to those shown in Figs. 12 and 15, since in the 
latter methods there are two joints to be kept tight, while 
in the former there is but one. 

Iron or steel for flanging should be of the best quality. 
The radius of the curve to which the head is flanged should 
be at least 4 times the thickness of the plate. 
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Some makers of large boilers prefer to flange the end 
plates of the shell to receive the head, which is, conse- 
quently, a flat disk. 

In Figs. 16 to 22 is shown the usual construction of the 


water leas and furnace doors of vertical and firebox boilers. 


FIG. 20. 


: A 


BIG. 22. 

Fig. 16 shows the door constructed by flanging the furnace 
sheet A and the front sheet of the boiler B. In the figure 
the joint is single-riveted, although it is frequently double- 
riveted. An enlarged view of this construction is shown in 
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Fig. 17. The door C is generally made of cast iron and is 
hinged to a cast-iron frame that is usually held in position 
by four studs. Sometimes the frame is omitted and the 
door is made of wrought iron; it is then held in position by 
riveting the hinges to the boiler. 

Around the lower ends of the water legs, or around the 
bottom of the furnace, and between the inside and outside 
plates is riveted a wrought-iron ring ). In cheap boilers 
this ring is frequently made of cast iron. Instead of flan- 
ging both sheets as in Figs. 16 and 17, the furnace opening is 
sometimes constructed as shown in Figs. 1lS8and 19. A hole 
is cut inthe outer sheet C, and the furnace sheet A is flanged. 
The flanged ring 4 is then riveted to the plates A and C, and 
forms the opening for the door. An enlarged view of this 
construction is shownin Fig.19. A flanged ring J, Fig. 18, 
is sometimes used at the bottom of the water leg in place of 
a wrought-iron ring Y), Fig. 16, one of the flanges being riv- 
eted tothe furnace plate and the other to the shell, as shown. 
An enlarged view of this construction is shown in Fig. 20. 
In Fig. 21 is shown another method of constructing the 
opening for the furnace door and the bottom of the water 
leg. In this construction the wrought-iron ring A is placed 
between the furnace plate 2 and the shell of the boiler C, 
and riveted to them. An enlarged view of this construction 
is shown in Fig. 22. At the bottom of the water leg the 
furnace plate is flanged and riveted to the shell, as shown. 


10. Rivet holes are either punched or drilled. Punch- 
ing, while cheaper than drilling, is generally believed to 
injure the plates, particularly if they are at all hard or 
brittle. Many makers punch the hole smaller than its 
intended diameter and then ream it out, thus cutting away 
the injured metal around the holes. Annealing the plates 
after punching will partly remove the injury. It is the 
present practice of good boilermakers to drill all plates, 
though this practice is not universal. 


11. Calking is an upsetting process applied to a riveted 
joint in order to make it steam-tight. The operation is 
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shown in Fig. 23. A round-nose calking tool is driven 
against the beveled edge 
of the upper plate, for- 
cing the metal in close 
contact with the lower 
plate and effectually 
closing the seam. A tool 
with a sharp edge should 


never be used, as it is 
liable to score the under plate and lead to grooving. 


THE BOILER SHELL. 


STRESSES ON BOILER SHELLS. 


12. If the cylindrical shell shown in Fig. 24 is subjected 
to an internal pressure, there will be two forces tending to 
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rupture it. One force, indicated by the arrows A, A, act- 
ing in the direction of the length, tends to tear the shell in 
a transverse plane, as £4. The other force, indicated by 
the arrows C, C, acting perpendicular to the axis, tends to 
rupture the boiler ina longitudinal plane passing through 
the axis, as D) D, D, D,. These two forces are opposed by 
the tenacity of the material of which the shell is composed. 
It is easy to see that the magnitude of the force tending to 
rupture the shell ina transverse plane is equal to the area 
of the head in square inches times the steam pressure per 
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square inch. As this force is resisted by the tenacity of the 
material, the magnitude of the tenacity being measured by 
the sectional area, the stress per square inch of section of 
the material is 


area of the head x pressure 


area of section 


13. It can be proved, both by mathematics and by exper- 
iment, that the magnitude of the force tending to rupture 
the shell in Fig. 24, in a longitudinal plane, is equal to the 
internal diameter multiplied by the length multiplied by the 
pressure. 

To resist this force, we have the combined sectional area 
of the material of the two sides of the shell. Hence, the 
stress per square inch of section equals 


the internal diameter x the length « the pressure 


combined sectional area 

Suppose we have a plain cylindrical shell constructed of 
any convenient material. Let the inside diameter be 
36 inches, the length 120 inches, the thickness of the shell 
41 inch, and the internal pressure to which it is subjected 
100 pounds per square inch. 

The pressure on the head and, consequently, the magni- 
tude of the force acting in the direction of the length, is 
BO 1004. x 100 101, 787.8 poutids. This force is resisted 
by the tenacity of 36.5° x .785 36° X .7854 = 28.471 
square inches of material. Hence, the stress per square 
inch of section is 101,787.8 + 28.471 = 3,575.14 pounds. The 
magnitude of the force acting perpendicular to the axis 
equals 36 X 120 X 100 = 432,000 pounds. The area of mate- 


rial resisting this force equals 120 x .25 x 2= 60 square 


inches; hence, the unit stress 432,000 + 60 = 7,200 pounds 
per square inch. This shows that there is 7,200 + 3,575.14, 
or about twice as much resistance to transverse rupture as 
there is to rupture in a longitudinal plane. Hence, it 
follows that, if the material is proportioned to withstand 
the force perpendicular to the axis, it will possess ample 


strength in the other direction. 
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14. From the foregoing calculation, it is seen that the 
girth or transverse seams of a boiler need only be single- 
riveted when the longitudinal seams are double-riveted, or 
even triple-riveted. When the longitudinal seams are butt 
joints with two cover-plates and triple-riveted, the girth 
seams are usually double-riveted. 


BURSTING AND SAFE WORKING PRESSURES. 


For convenience 


15. Theoretical Bursting Pressure. 
in calculation, the length of the shell is taken as 1 inch. 
If a boiler is constructed of plates varying in thickness and 
tensile strength, the least thickness and the lowest tensile 
strength must be used in calculating the strength of the 
boiler. : 

In a cylinder that is on the point of bursting, the resist- 
ance of the material to rupture must be equal to the force 
tending to cause rupture. Hence, a cylinder is on the 
point of bursting if the product of the diameter and pressure 
equals the product of twice the thickness of the cylinder 
and the ultimate tensile strength of the material of which 
it is composed. It will be noticed that the length of the 
cylinder has not been taken into account; the length has 
been assumed to be 1 inch, for the reason previously given. 
From arithmetic it should be plain that the bursting pres- 
sure equals 


twice the thickness « ultimate tensile strength: 


diameter 
This may be simplified by using the radius of the cylinder 
instead of the diameter. Then, as the radius is one-half 
the diameter, the bursting pressure would be 
thickness X ultimate tensile strength 
tadigs 


Let ¢= thickness of cylinder in inches; 

A = internal radius in inches; 

S = ultimate tensile strength of the material; 
P= bursting pressure in pounds; 
f = safe working pressure in pounds. 
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Rule 1.—7o find the bursting pressure of acylinder, divide 
the product of the thickness of the cylinder and the ultimate 
tensile strength of the material by the internal radius. 


> 
Paz. 


EXAMPLE.—A cast-iron pipe is 10 inches diameter and 4 inch thick. 
The tensile strength of the iron is 12,000 pounds. At what pressure 
will the pipe burst ? 


Or 


’ 


SoLuTion.—Applying rule 1, we get 


__ +X 12,000 


10 
2 


P 


= 120015. per sq, in. “Ans: 


16. The efficiency of a joint may be defined as the 
ratio of the strength of the joint to that of the solid plate. 
It is usually expressed in per cent., the strength of the solid 
plate being considered as the unit (100). Thus, if the 
efficiency of a joint is 56 per cent., it means that the strength 
of the joint bears the same proportion to the strength of 
the solid plate that 56 does to 100. 


1%. The average efficiencies of riveted joints are: 
for a single-riveted lap joint, 56 per cent.; for a double- 
riveted lap joint, 70 per cent.; for a triple-riveted lap joint, 
75 per cent.; for a double-riveted butt joint with two cover- 
plates, 76 per cent.; for a triple-riveted butt joint with two 
- cover-plates, 85 per cent.; single-riveted and double-riveted 
butt joints with one cover-plate give about the same efficien- 
cies as single-riveted and double-riveted lap joints. 


18. Rule 1 applies to a cylinder wzthout a seam weaker 
than the material of which the cylinder is constructed. But 
the longitudinal joints of the shell of a boiler are consider- 
ably weaker than the solid plate, and, consequently, a 
boiler shell wili rupture at a pressure depending on the 
strength of its weakest part. Let / denote the efficiency of 
the joint, and let the other letters have the same meaning 
as in the previous rule. Then, the bursting pressure of a 
boiler shell may be obtained from the following rule: 
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tule 2.—Jultiply the thickness of the material by tts 
tensile strength and by the efficiency of the joint, in per cent. 
Divide the product by 100 times the internal radius. 


Sf 
5) —— 
= = 100 2 


In engineers’ examinations, the calculation of the bursting 
pressure is one of the questions usually asked of candidates. 
Sometimes the efficiency of the joint 1s given, and sometimes 
the candidate is merely told what kind of joint is used. In 
the latter case, use the average efficiency corresponding to 
the kind of joint, as given in Art. 1%. 

EXAMPLE.—A boiler 48 inches in diameter is constructed of steel 
plate } inch thick, having a tensile strength of 55,000 pounds per square 
inch. ‘The longitudinal seam being a double-riveted lap joint, what is 
the bursting pressure ? 

SoLtuTIon.—By Art. 18, the average efficiency of a double-riveted 
lap joint is 70 per Gent.) hen: applying rule 2, we get 
+ < 55,000 «x 70 

8 


ESEE- 100 x 4 = 401 lb. per sq. in., nearly. Ans. 
wo w~ or 


19. Safe Working Pressure. — All authorities are 
agreed that a boiler should not be worked at a pressure 
near the bursting pressure, but they disagree considerably 
upon what ratio the safe working pressure should bear to 
the bursting pressure. This will account for the different 
results obtained by using different formulas. It is believed 
that it is the most general practice to make the ratio of the 
safe working pressure to the bursting pressure 1:5. Using 
this ratio, we have the following rule for safe working 
pressure: 


Rule 3.—J/ultiply the thickness of the material by its 
ultimate tensile strength and by the effictency of the joint, in 
per cent. Divide the product by 500 times the internal radius. 
See 


Or, = Se 
i 500 R 


ExampLe.—Taking the previous example, what working pressure 
would you allow ? 
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é 


SoLutTion.—Applying the rule just given, we get 


1% 55,000 x 70 
a Oe = 80.2 lb. per sq. in., nearly. Ans. 


20. Board of Supervising Inspectors’ Rules.—The 
Board of Supervising Inspectors of Steam Vessels prescribe 
the following rules, which, while only in force for marine 
boilers, are frequently used for stationary boilers: 


Rule 4.—/7o find the safe working pressure of a cylin- 
drical boiler having single-riveted longitudinal scams, divide 
the product of the thickness of the shell and the ultimate ten- 
sile strength of the material by 6 times the radius. 


O if Di = 


EXAMPLE.—What safe working pressure would be allowed on a boiler 
with single-riveted longitudinal seams constructed of material 2 inch 
thick and having a tensile strength of 50,000 pounds per square inch. 
The boiler is 48 inches in diameter. 

SoLuTION.—Applying rule 4, we get 


2 50,000 


p= ee = 130.2 Ib. per sq in. Ans. 
DK SS 


Rule 5.—To find the safe working pressure of a cylin- 
adrical boiler having double-riveted longitudinal scams, aivide 
the product of the thickness of the shell and the ultimate ten- 
sile strength of the material by 5 times the radws. 


Or, p= —. 
. 

Exampie.—A cylindrical boiler has the following dimensions: 
Diameter, 36 inches; thickness of shell, .25 inch; ultimate tensile 
strength of the material, 45,000 pounds per square inch. The seams 
being double-riveted, find the safe working pressure. 

SoLuTION.—Applying rule 5, we have 

25 x 45,000 


p= ee = 125 lb. per sq. in. Ans. 
> t 


Rules 4 and 5 are based on a ratio of bursting pressure 
Qo F 


to safe working pressure of about 1: 3.5; a ratio rather 
smaller than usually deemed advisable in stationary work. 
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21. The rules here given are applicable to new boilers. 
While in use, the plates will gradually waste away or lose 
in strength by the phenomena called grooving and honey- 
combing. In that case, the least thickness of plate should 
be used in calculating the working pressure. 

Furthermore, the student is cautioned against assuming 
that the strength of the shell by itself determines the safe 
working pressure. A steam boiler is like a chain in that its 
weakest part determines its strength. The strength of the 
bracing will also have to be taken into account, and if the 
bracing is weaker than the shell, the pressure must be 
reduced to suit the bracing. 


STAYING OF FLAT SURFACES. 


22. Surfaces That Require Staying.—The surfaces of 
steam-boiler shells are, in general, either cylindrical, hemi- 
spherical, or flat. A cylinder or a sphere subjected to an 
internal pressure is self-supporting; that is, the pressure 
tends to maintain the cvlindrical or spherical form of the 
vessel and hinders distortion instead of producing it. If 
the vessel is composed of flat surfaces, however, an internal 
pressure tends to distort it and give it an approximately 
spherical form. Then, as flat surfaces are not self-support- 
ing, it follows that they must be stayed or braced. 


23. The flat surfaces commonly found in stationary 
boilers are the boiler heads of the ordinary return-tubular 
boiler, and the heads, flat sides, and tops of fireboxes of 
internally fired boilers of the locomotive type. 


DIAGONAL STAYS. 

24. Crowfoot Braces.—The heads of stationary boilers 
are supported in various ways. Probably the most common 
method is to support them by crowfoot braces, which are 
securely riveted to the head and the shell. The crowfoot 
brace is shown in Fig. 25 (a). In this style of brace the 
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crowfoot, or part that is riveted to the head, is formed by 
welding flat bars to acylindrical stem. The strap end, or 
part that is riveted to the 
shell, is also welded to the 
stem. An improved form 
of crowfoot brace is the 
McGregor brace, shown 
in Fig. 25 (0). This brace 
is formed by a piece of 
sheet steel, bent in one 
heat as shown. Being 
weldless, it may naturally 
be assumed, and the as- 
sumption has been borne 
out by experiments, that, 
for equal cross-sectional 


areas, it will bear a much 


greater strain than the 
welded crowfoot brace. 
It will be observed that the crowfoot of the McGregor brace 
is formed by splitting the sheet and bending it at a right 


FIG. 25. 


angle. In the Huston improved crowfoot brace, shown in 
Fig. 25 (c), the crowfoot is formed by flanging the plate 
of which the brace is formed, thus giving probably the 
strongest form of crowfoot that can be devised. 


25. Another form of brace used occasionally, and 
especially for staying the lower part of the head of return- 
tubular boilers below the nest of tubes, is shown in Fig. 26. 
The end A, instead of 
being’ riveted to the 
head, is threaded and 


? 


supplied with nuts and 
taper washers on each 


as 


ee side of the head, 
he 


shown in Fig. 26. 


. wR 
FIG. 26. washers have such a 


taper that when one of the faces rests against the head, the 
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other is parallel to the faces of the nuts. The hole through 
which the stay passes is not threaded, but is made suffi- 
ciently large to allow the stay to pass through. In cheaper 
work, the brace is bent near the head, in order to pass 
through the head at a right angle, thus doing away with the 
taper washers. Mechanically considered, this 1s not such a 
good arrangement as the one shown in Fig. 26, since the 
stress on the stay will tend to straighten out the bend and 
thus allow the head to buckle and give more than with the 
other design. 


26. Gusset stays are occasionally used for staying the 
heads in large boilers. One of these stays is shown in 
Fig. 27. <A gusset stay 
consists of an iron or steel 
plate, as A, which is placed 
between angle irons, as 
B, B, which are securely 
riveted to the head and 
shell. The plate in turn 


is tiveted to the angle 
irons. Gusset stays in- 


BIG, 27. 


terfere considerably with 
examination and repair of the boilers, and owing to their 
absence of flexibility, often induce grooving and cracking of 
the head-plate. For these reasons they have not found 
much favor in the United States; however, they are largely 
used in Europe. 


2 


2%. Bracing With Angle Irons or T Trons.—Small 


boilers carrying a rather low steam pressure occasionally 


have the heads braced by angle irons or T irons riveted 
to the head. For higher steam pressures, the angle irons 
or T irons may in turn -be supported by braces, as shown 
in Fig. 28, one end of which is riveted to the shell and the 
other end cither forked to straddle the leg of the T iron 
or flattened to go between two angle irons. Connection 
between the angle iron or T iron and the brace is then made 
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by a cotter, and, in better work, by a bolt and nut. The 
stays so far shown are known technically as diagonal stays, 
so called because they are 
inclined to the surfaces 
they support. 


DIRECT STAYS. 
28. For large boilers 
carrying high pressures, 


the most direct way of 
supporting the heads is 


to use through stayrods 


spaced about 14 inches 


C 2) ° fo} fo) 
from center to center. | OOOOOO COOCO® 
These, in the best con- \ OQOOOOQO 
struction, as shown in \ OOOOOO 
Fig. 29, are rods passing 
through both heads and 
provided with nuts and 
washers on both sides of 


the heads. A large washer 
on the outside, or a reenforcing leaf, is often riveted to the 
head, which reduces 
the bulging under 
pressure and allows 
the stayrods to be 
widely spaced. Chan- 
nel irons riveted to 
the inside of the head, 
and in turn supported 
by stayrods, have also 


been used for high- 


Fre. 29. pressure boilers. 


29. Staybolts.—For staying the flat surfaces of the 
water legs of boilers of the locomotive type, the usual and 
most direct method is to use screw staybolts, one of which 
is shown in Fig. 30. These screw staybolts are screwed 
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both into the inside and outside sheets and then riveted 
over at both ends while cold. Staybolts for these surfaces 
being subjected to a great deal of alternating bending stress 


Fic. 30. 
(in addition to a direct tensile stress) will sooner or later 
break off close to the sheets. In order to give warn- 
ing of this, in good work, holes as @ in Fig. 31 are 


Fic. 31. 


drilled axially in the center of each staybolt and extend at 
least 4 inch beyond the internal surface of the sheets. 
Should a bolt break, the steam or water issuing from the 
hole will give warning of the break. In boilers coming 
under the supervision of the United States Steam Vessel 
Inspection Service, screw staybolts are not allowed to be 
used any more unless they are drilled at each end in the 
manner explained. 


30. Hollow Forged Staybolts.—Within the last few 
years hollow forged staybolts have been placed on the mar- 
ket, in which a hole extends axially all through the bolt. 
Staybolts of this kind possess more flexibility than solid 
bolts, and, of course, will give due warning of a break no 
matter where it may occur. 

Instead of riveting over the end of staybolts, they may be 
fitted with a nut on the outside of the sheet. While this is 


§$ 13 BOILER DETAILS. 21 


the common practice in marine boilers of the Scotch type, 
it is rarely done in stationary boilers. 

For high-grade work some boilermakers will turn down 
the thread on the part of the staybolt between the two sheets, 
as shown in Fig. 31. This is an excellent practice, as it not 
only renders the staybolt more flexible, but also tends to 
reduce corrosion by exposing a much smaller surface to the 
corrosive action of the water. The stays here shown are at 
a right angle to the surface they support, and are called 
direct stays. 


GIRDER STAYS. 


31, The upper plate or crown sheet of the furnace of 
internally fired boilers of the locomotive type is supported 


in various ways. Probably the most common method is to 
support it by staybolts screwed and riveted to the sheet 
and suspended from girder 


Stuye, as. 4 ine ie. 38: 


These girder stays, one of . 
which is shown in detail in pus o et Me NS O ae) 
Fig. 33, may in turn be 
supported by the sling 
stays Z, Z, Fig. 32, which are cottered to the angle-iron 
ring /, or may instead be riveted directly to the shell. Some 
makers of locomotive-type boilers condemn this arrange- 
ment as interfering too much with examination and repair; 
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they make the girder stays of sufficient strength to support 
the staybolts. Two methods of suspending the staybolts 
are shown in Fig. 34, of 
which the one shown 
at the letthis the most 
common one. The head 
is formed with lugs 
D, D, which prevent 
the spreading of the 
girders. When the 
crown sheet of a loco- 


motive-type boiler is 


Fic, 34. 


cylindrical, or approxi- 
mately cylindrical, it is often supported by long stays screwed 
and riveted both into the shell and into the crown sheet. 


32. Fastening Tubes to Heads.—Boiler tubes up to 
5 inches in diameter are generally fastened and made steam- 
tight by expanding them into holes cut into the heads. The 
tubes are cut off toa length about 4 inch in excess of the 
outside length between the sheets which are to receive them; 
they are thendriven into place until half of their excess in 
length projects beyond each tube sheet. The expander is now 
inserted and the tube expanded tightly into its hole; the 
projecting ends of the tubes are then nicely beaded over. 
Tubes and flues above 4 inches in diameter are commonly 
riveted to the heads, which are flanged to receive the tube. 


33. For expanding the tubes, a Dudgeon roller-tube 


FiG, 35. 


expander, shown in Fig. 35, is most commonly used, It 
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consists of a body 4 provided with three slots for the recep- 
tion of the rollers a, a, a. <A plate 4, fastened to the body 
by the three screws ¢, c, c, prevents any longitudinal move- 
ment of the rollers. The rollers are forced outwards and 
rotated by the taper pin C, which is provided with a head 
perforated with two holes at right angles to each other. To 
make the expander adjustable for different thicknesses of 
tube sheets, the hood ) may be moved longitudinally and 
may be locked in any desired position by means of a small 
taper pin @, which is driven inwards to lock the hood. The 
operation of the expander is as follows: The expander is 
pushed into the tube, the projections ’, PD” limiting the 
depth to which the tool may be inserted. A sharp blow with 
a copper hammer is struck on the head of the pin C, forcing 
it inwards, and, hence, the rollers outwards. Next, a bar 
is inserted into one of the holes in the head and the pin 
rotated; the friction between the pin and the rollers causes 
the rollers, and, consequently, the whole tool, to rotate; this 
operation expands the tube. 
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THE SAFETY VALVE. 


1. Purpose of Safety Valve.—The safety valve is 
attached to the boiler to prevent the steam pressure from 
rising above a certain point. Suppose a boiler is genera- 
ting steam faster than the engine uses it; it is plain that a 
large quantity of steam is crowded continually into the 
steam space of the boiler. The necessary result is a rise in 
the pressure of the steam. If the pressure continues to 
rise, 1t soon becomes greater than the boiler is able to with- 
stand, and an explosion occurs. It is the duty of the safety 
valve to prevent this increase of pressure. 


%. Weighting of Safety Valves.—The safety valve con- 


sists simply of a plate, or disk, fitting over a hole in the 
boiler shell. This plate is held to its place in one of three 
ways: (1) By a dead weight; (2) by a weight on a lever; 
(3) by a spring. 

The weight or spring is so adjusted that when the steam 
reaches the desired pressure, the disk is raised from its seat, 
and the surplus steam escapes through the opening in the 
shell. 


3. Dead-Weight Safety Valve.— The dead-weight 
form of safety valve, while quite popular in Europe, has 
not found favor in America, since the high steam pressures 
now used require an extremely heavy weight. Dead-weight 
safety valves possess one great advantage over other types: 
it is difficult to overload them. The weights are so large 
that it would take a considerable added weight to materially 
raise the blowing-off pressure, and any added weight could 
readily be seen by the engineer. 

§ 14 
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4, Lever Safety Valves.—Two forms of lever safety 
valves are shown in Figs. 1 and 2. The valve / is held to 


ts seat by the weighted lever 2. The weight W is adjust- 
able along the lever, so that the valve may be set to blow 
off at various steam pressures. 


FIG. 2. 


The valve shown in Fig. 1 is attached directly to the 
boiler shell; the steam enters from the boiler at S and is 
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discharged through the orifice R. The valve shown in 
Fig. 2 differs from the other in being attached to the supply 
pipe. The steam passes on its way from the boiler through 
the passage S VU. When the pressure rises above the nor- 
mal pressure, the valve V opens and the steam escapes into 
the air through the opening 2X. 

The lever Z is usually provided with several notches, each 
notch corresponding to a certain blow-off pressure. It is 
plain that the nearer the end of the lever the weight is 
placed, the higher will be the blow-off pressure. 


5. Spring safety valves 


are largely used at present, 

especially on locomotive and 
marine boilers. The valve is i 
held to its seat by a spring 
acting either directly on it 
or on a short lever. “The 
Crosby ‘‘pop” safety valve 
is stow in oo 3. ‘he 
main valve V is held down 
on the two circular seats J7 
and WV by the spring S acting 
en the rod 7. ‘The outer 
seat /V is formed on the body 
A of the valve, while the 
inner and smaller seat J7 is 
formed on the wpper edce 
of a cylindrical chamber 2 
that is ‘connected to the 
body A by arms containing 
the passages «C, C The 
hollow chamber / forms a 
guide for the valve V. 
Ordinarily, the steam exerts 
a pressure on the space 
between J7 and WV; when 
the valve rises a little, the ae 
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steam rushes over the seat WV into the air and over the 
seat JZ into the chamber /’, whence it escapes through the 
channels C, C. The channels are, however, not large enough 
to allow the steam to escape from the chamber as fast as it 
enters, and hence the pressure in the chamber rises and acts 
on the area inside the seat J/. This additional pressure 
throws the valve wide open and quickly relieves the pressure 
in the boiler. 

In this form of valve the biow-off pressure may be 
changed by altering the tension of the spring; thus, screw- 
ing down the hollow bolt at the top of the spring (Fig. 3) 
compresses the spring and raises the blow-off pressure. 


DIRECTIONS FOR USE AND CARE OF SAFETY VALVES. 

6. See that the safety valve is attached directly to the 
boiler. If there is a stop-valve between the valve and 
boiler, have it removed or arranged so that it cannot be 
shut. 

Take care that the valve does not become corroded and 
stick to its seat. It is a good plan to frequently lift the 
valve from the seat and see whether or not it works freely. 

Do not overload the valve or increase the tension of the 
and take care that it is not done by others. 

When the blow-off pressure is fixed, the weights are often 
locked in position by the boiler inspector and should not be 
changed. 


spring, 


%. In practice, the position of the weight on the lever is 
usually found by trial in preference to finding it by caleula- 
tion. Most safety-valve levers are notched and have-figures 
stamped below the notch, which are supposed to represent 
the pressure per square inch at which the valve will blow 
off when the weight rests in the notch. However, since it 
may be possible that the notches have not been correctly 


>, 


located, it is good practice to check the graduation by an 
actual trial. To do so, get up steam on the boiler, and as 
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soon as the steam gauge shows the blow-off pressure, shift 
the weight until the valve just commences to blow off. 
Then fasten or lock the weight, if possible, so it may not 
be shifted accidentally. Before adjusting the position of 
the weight, make sure that all parts of the valve work 
freely and that the steam gauge is correct. 


8. After adjustment, the valve should occasionally be 
tested by comparing its blowing-off point with the pressure 
shown by the steam gauge. If the steam gauge indicates a 
higher pressure, it shows one of two things: either the 
steam gauge has become impaired or the valve is out of 
order. If there is reason to suspect the steam gauge, have 
it tested, At any rate, however, in order to be on the safe 
side, the steam gauge may be assumed to be correct and 
the valve then examined to see if everything works freely. 
If found so, and the weight is still at the same mark, it is 
reasonable to conclude that the gauge is out of order. 


9. It is common practice in some localities to connect a 
pipe to the blow-off side of the safety valve for the purpose 
of carrying the steam blown off out of the boiler room. 
Such an escape pipe, while harmless enough when of suf- 
ficient area and kept well drained, may become a source of 
danger if no provision is made for draining it constantly. 
Instances are not rare where, owing to the absence of a 
drain pipe, the escape pipe has become filled with water, 
thus adding greatly to the external force on the valve and 
rendering it inoperative for the Llow-off pressure for which 
it was set. When an escape pipe is used at all, it should 
not be of smaller diameter than the valve, and should have 
a drain pipe of ample size at its lowest point. No cock or 
valve should under any circumstances be placed in this drain 
pipe. Many engineers will not allow an escape pipe to be 
used under any consideration, claiming that with it, it is 
frequently impossible to know by sound whether the safety 
valve is blowing off. Safety valves should in all cases be so 
fitted that it is an absolute impossibility to shut off connec- 
tion between the boiler and its safety valve. 
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CALCULATIONS RELATING TO SAFETY VALVES. 


10. General Principles.—No safety valve can open 
without a slight increase of pressure above that for which 
it is set, since, in order to lift the valve, the pressure on 
the under side of the valve, which we may call the internal 
or upward force, must exceed the external or downward 
force on the valve plus the friction of the mechanism of the 
valve. If the internal and the external forces upon the 
valve are equal, the valve will be in equilibrium (balanced), 
and an increase of the internal force will cause it to open. 
A safety valve will not close until the pressure has been 
reduced somewhat below the pressure at which the valve 
opened. 

The point at which a safety valve will blow off depends 
on the external force on the valve. To be in equilibrium, 
the external load exerting a downward pressure on the 
valve must be equal to the internal force exerting an 
upward pressure on the under face of the valve. Evi- 
dently the upward pressure is equal to the area of the 
valve multiplied by the pressure per unit of area. 

Whenever the word ‘‘pressure” is used in relation to 
calculations pertaining to safety valves, the gauge pressure 
is meant, unless otherwise stated. 

Nove.—The area of a safety valve is that part that receives the 
steam pressure when the valve is seated. 

Suppose that we have a dead-weight safety valve having 
a diameter of 4 inches and an external load or force con- 
sisting of the valve and stem, the supporting plate, and the 
weights, equal to 815.8 pounds; it is desired to know the 
pressure at which the valve will open. Since the internal 
and external forces must balance, it is evident that 815.8 
= 4° x .7854 steam pressure in pounds per square inch. 

From this we get ees ee = 65 pounds per square inch 

7 ae XK £1854 oe; ; Ue a 
nearly, the pressure at which the valve is about to open. 


1i. Inthe lever safety valve shown in Fig. 2, the external 
load depends on the position of the weight IV onthe lever Z. 
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Here the same general law holds good; the external and 
the internal forces must be equal before the valve is about 
to open. ‘The internal force, as stated before, is the area 
of the valve times the steam pressure. The downward 
force on the valve may be found as follows: Suppose we 


place the weight /, Fig. 4, weighing 100 pounds, directly 


t d 
*| 
mae 
F G 
1K 
Fic. 4. 


on top of the valve stem C. Evidently the downward force 
is now equal to the weight of the weight P. Suppose now 
that the weight is removed to the position shown in the 
figure, the weight’s distance @ from the fulcrum being 
6 times greater than the distance a from the fulcrum to the 
center line of the valve. Evidently the effect of the weight 
on the valve stem will now be 6 times greater; that is, the 
downward force will be 6 KX 100 = 600 pounds. Hence, to 
find the downward force, we divide the distance d@ by the 
distance @ and multiply the quotient by the weight of the 
weight P. 

As the valve and stem have a certain weight, the external 
force is increased an amount equal to that of the weight 
of the valve and stem in pounds. Furthermore, the lever 
has a certain weight, and this, acting at the center of gravity 
of the lever, adds a certain amount to the downward force. 
This amount is equal to the product of the distance from 
the fulcrum of the lever to its center of gravity and the 
weight of the lever, divided by the distance from the fulcrum 


to the center line of the valve. 


12) ‘The distance to the center of gravity of the lever 
may be found by balancing the lever on a knife edge and 


edhe Sin SEY Tiere 
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measuring the distance from the center of the fulcrum to 
the knife edge. If this should not be feasible, the center 
of gravity must be found by calculation. In engineers’ 
examinations, the lever is usually given as straight and 
parallel, in which case the distance from the fulcrum to the 
center of gravity of the lever should be taken as equal to 
one-half the length of the lever. 

The amount of the downward force on the valve due to 
the weight of the lever may be found directly by attaching 
a spring balance by a cord to the lever at the point at which 
it acts upon the valve stem. The spring balance will indi- 
cate the correct downward force in pounds. 

Now, to have the valve balance, the area of the valve 
times the steam pressure (the upward force) must equal the 
weight times the distance from the fulcrum to the weight 
divided by the distance from the fulcrum to the center line 
of the valve; to this downward force must be added the 
additional downward force due to the weight of the valve 


? 
stem, and lever (the external force). 


13. Wlustrative Example.—How to find the pressure 
per square inch at which a safety valve is about to blow off 
may best be explained by the following example: Suppose 
that we have a safety valve of the following dimensions: 
Let the area of the valve be 12.566 square inches; the 
distance from the ‘fulcrum to the center line of the valve, 
4 inches; the weight is to weigh 135.2 pounds; the length of 
the lever is to be 36 inches; the weight of the valve and 
stem, 9.2 pounds; andthe downward force due to the weight 
of the lever, as found by one of the three methods previously 
explained, 150 pounds. From what has been explained 
above, it should be clear that the valve balances, or is in 
equilibrium, if the steam pressure X 12.566 = 135.2 x 36 
4-02-4150. That is, the steam pressure. x 12.566 
== aie 

From arithmetic, it should be plain that the steam pressure 


1,376 


19.566 = 109.5 pounds per square inch. 
We JOD 
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14. Rules for Safety-Valve Calculaticns.— 


Let A = area of valve in square inches; 
D = distance from center line of valve to fulcrum, 
measured in inches; 


II 


de distance of weight from fulcrum in inches; 

fP =steam pressure in pounds per square inch; 

W = weight of the weight on lever in pounds; 

zw = weight of valve and stem in pounds plus the 
downward pressure due to weight of lever. 


Rule 1.—7o find the pressure at which a safety valve is 
about to blow off, multiply the weight by the length of the 
lever and divide this product by the distance from the fulcrum 
to the center line of the valve. To the quotientadd the down- 
ward pressure on the valve due to the weight of the valve, 
stem, and lever, and divide the sum by the area of the valve. 
WL 
Spine 

A 

EXAMPLE.—The area of a lever safety valve is 11 square inches; the 
distance from the center line of the valve to the fulcrum, 44 inches; 
the distance of the weight from the fulcrum, 35 inches; its weight, 
125 pounds; the weight of valve and stem plus the downward pressure 
due to the weight of the lever equals 137 pounds. Find the pressure 
per square inch at which the valve is about to open. 


Or, P= 


SoLutTion.—-Applying rule 1, we have 


125 « 35 = 
ne 


Pz 7 i 100.3 lb. per sq. in. Ans. 


To explain how to find where a given weight must be 
placed on the lever in order that the safety valve may be 
about to blow off at a given pressure, we will take the exam- 
ple previously made use of. The pressure was found to be 
109.5 pounds per square inch; hence, the total upward force 
is 109.5 <x 12.566 = 1,375.977, say 1,376 pounds. This force 
is partially balanced by the weight of the valve and stem 
and the downward force due to the weight of the lever. 
Consequently, the total upward force = 1,376 — (150 + 9.2) 
= 1,216.8 pounds, is to be balanced by the downward force. 
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As the downward force, as previously explained, is the weight 
times the length of the lever divided by the distance from the 
fulcrum to the center line of the valve, it should be plain that 


ie Oe ig Sa GiGi ey BE LOT Ce LEVEL 
the valve isin equilibrium again, if 1,216.8 =—— : 


4 
Thatis, 1216-0 = 30.0% the lever. 
‘ PcG Om meyer 
Hence, leneth ot lever = —_- ae inches. 
Ov0.¢ 


Rule 2.—7o find the distance from the fulcrum to where the 
weight must act in order to have the valve blow off at a given 
pressure, subtract the downward force due to the weight of 
the valve, stem, and lever, from the product of the area and 
the steam pressure. Multiply the remainder by the distance 
from the fulcrum to the center line of the valve and divide 
this product by the weight. 

_(4AP-w)D 
7 —_—— 
EXAMPLE.—At what distance from the fulcrum must a weight of 


150 pounds act in order that the valve may be about to blow off at 
100 pounds pressure, the diameter of the valve being 3? inches; the 


Om JE 


distance from the fulcrum to the center line of the valve 44 inches; 
and the downward force due to the weight of valve, stem, and lever 
125 pounds? 


SOLUTION.—Applying rule 2, we get, since area = (3%)? « .7854 
= 11.04 square inches, 
(11.04 « 100 — 125) « 4.5 


= 150 


= 29.37 in. Ans: 


15. It is desired to find the weight that must be placed 
on a lever to have the valve blow off at a given pressure: 
Using the same example as in the other explanations, 
the unbalanced upward force, as previously found, is 
1,216.8 pounds, 
weight x 36 


The valve balances if 1,216.8 = Fi 


1,216.8 


3) 


That is, 1,216.8 = weight X 9, and the weight = 
= 135.2 pounds. 


Rule 3.—To find the weight that must act on a lever at 
a given distance from the fulcrum so that the valve is 
about to blow off at a given pressure, subtract the downward 
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force due to the weight of the valve, stem, and lever from the 
product of the area and the steam pressure. Multiply the 
remainder by the distance from the fulcrum to the center line 
of the valve, and dtvide this product by the distance from the 
fulcrum at which the weight ts to act. 
_(4P—w)D 
“aay an 

IixAMPLE.-—A safety valve has the following dimensions: Area of 
the valve, 15.7 square inches; length of lever, 48 inches; distance from 
fulcrum to center line of the valve, 5 inches; the downward force due 


to the weight of the valve, stem, and lever is 182 pounds. Find the 
weight if the valve is about to blow off at 64 pounds pressure. 


Or, IV 


SoLuTION.—Applying rule 3, we get 


5 7 9 oy 
re tb) Aas 
48 
Nore.—The student should thoroughly familiarize himself with the 
calculations pertaining to lever safety valves, as a candidate for an 
engineer's’ license is usually asked to solve safety-valve problems 
similar to those given here. 


Spring-loaded and pop safety valves are adjusted under 
pressure by comparison with an accurate steam gauge. No 
rules can be given by which to calculate the point at which 
they will blow off. 


EXAMPLES FOR PRACTICE. 

1. A dead-weight safety valve having an area of 12 square inches 
is to be on the point of blowing off at 75 pounds pressure, absolute; 
find the weight. Ans. 723.6 Ib. 

2. At what pressure will a safety valve of the following dimensions 
blow off: Area of valve, 10 square inches; distance from the valve to 
the fulcrum, 3 inches; length of lever (the distance from the fulcrum 
to the point where the weight acts), 80 inches; weight of the weight, 
83.1 pounds; weight of valve and stem, 5 pounds; weight of lever, 
12 pounds; total length of lever, 82 inches? The lever is straight and 
parallel. Ans. 90 Ub: 

3. Suppose all the quantities to remain the same as in the last 
example, except that the valve is to blow off at 75 pounds pressure. 
At what distance from the fulcrum must the weight be placed ? 

Ans. 24.58 in. 

4. Ail quantities remaining the same as in example 3, except that 
the valve is to blow off at 82 pounds pressure, find the weight that 
must be placed on the lever. AMIS On lelb: 
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THE STEAM GAUGE. 


16. Construction.—The steam gauge indicates the 
pressure of the steam contained in the boiler. 

The most common form is the Bourdon pressure gauge, 
Fig. 5. It consists of a tube @ of elliptical cross-section, 
wuich is filled with 
water and  con- 
nected at 6 with a 
pipe leading to the 
boiler. The two 
ends ¢ are closed 
and are attached to 


a link, which is 


in turn connected 
with a quadrant ¢; 


this quadrant gears 


with a pinion f on 
dele Eons | ONE flav 


index pointer” ¢. 
When the water 
contained in the el- 
liptical tube is sub- 
jected to pressure, 
the tube tends to take a circular form, and, as a whole 


BIG. 5. 


straightens out, throwing out the free ends a distance pro- 
portional to the pressure. The movement of the free ends 
is transmitted to the pointer by the link, rack, and pinion, 
graduated dial. 


and the pressure is thus recorded on the g 

1%. Methods of Graduation.—Pressure gauges for 
indicating steam pressure are invariably graduated to indi- 
cate pressure above that of the atmosphere, in pounds per 
square inch, and show how much the pressure has been 
mcrcascd above the atmospheric pressure. When pressure 
gauges are used for indicating the pressure in the condenser, 
they are called vacuum gauges, and are invariably gradu- 
ated to show in inches of mercury how much the pressure 
has been decreased below that of the atmosphere. Then, to 
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find the absolute pressure, the vacuum-gauge reading must 
be subtracted from 30, and the pressure will then be given 
in inches of mercury. To obtain the absolute pressure in 
pounds per square inch, multiply the difference between the 
gauge reading and 30 by .49. Thus, if the vacuum gauge 
indicates 25 inches, the absolute pressure in the condenser 


is (30 — 25) x .49 = 2.45 pounds per square inch. 


18. Rule for Absolute Pressure.—The rule just given 
is entirely correct for normal atmospheric conditions at sea 
level. Since the pressure of the atmosphere decreases, how- 
ever, with every increase of altitude, and, furthermore, since 
the pressure of the atmosphere at the same place is not con- 
stant, but varies between certain limits, it is better, if accu- 
racy 1s desired, to use the following general rule: 


Rule 4.—7o find the absolute pressure shown by a vacuum 
gauge, subtract the vacuum-gauge reading from the reading 
of the barometer and multiply the difference by .49. 

EXAMPLE.—What is the absolute pressure if the vacuum gauge indi- 
cates 19 inches, while the barometer stands at 26 inches ? 

So_urion.—Applying the rule just given, we get 

(26 — 19) x .49 = 3.43 lb. Ans. 


19. Compound steam gauges are occasionally met 
with in which the left-hand part of the dial indicates 
vacuum in inches of mercury and the right-hand part 
pounds per square inch above the atmospheric pressure. 
They are usually found attached to the receivers of cross- 
compound condensing engines. 


20. Methods of Connecting Gauge to Boiler.—The 
gauge should be connected to the boiler in such a manner 
that it will neither be injured by heat nor indicate a 
wrong pressure. To prevent injury from heat, a so-called 
siphon, which may be made as shown at a and 4, Fig. 6, 
is usually placed between the gauge and the boiler. ‘This 
siphon in a short time becomes filled with condensed 
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steam that protects the spring of the gauge from the 
injury the hot steam 
would cause. Care should 
be taken not to locate the 
steam-gauge pipe near 
the main steam outlet 
of the boiler, since this 
may cause the gauge to 
indicate a lower pressure 
than really exists. In 
locating the steam gauge, 
care must also be taken 
not to run the connecting 
pipe in sucha manner that 
the accumulation of water 
in it will cause an extra 


pressure to be shown. 


GENERAL INSTRUCTIONS FOR USE AND CARE OF 
STEAM GAUGES. 

21. Vibration and Sticking of Pointer.—While the 
engine is running, it will often be noticed that the pointer 
of the gauge vibrates so much that the pressure cannot be 
read. This can be prevented by partially closing the cock 
below the steam gauge. The greatest of care must be 
used, however, to. prevent an entire closing of the cock. 
The pointer of a steam gauge will stick occasionally and 
just when least expected; hence, experienced engineers 
always jar the gauge a httle inorder to dislodge any foreign 
matter that may be preventing movement of the pointer 
before they accept its indication as correct. 

22. Loss of Accuracy.—Steam gauges will lose their 
accuracy after they have been in use for some time, owing 
to the spring losing its elasticity or taking a permanent set. 
In this case the gauge will indicate a pressure higher than 
the actual pressure in the boiler. This can usually be dis- 
covered by the pointer failing to return to the zero mark 
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when there is no pressure in the boiler. If the pressure 
apparently indicated when there is no pressure be subtracted 
from the pressure indicated when the boiler is under steam, 
the correct pressure will be given approximately. However, 
when a gauge shows a wrong pressure, a new one should be 
immediately substituted and the old one discarded or sent 
to the maker for repair. 


23. Testing.—When inspecting boilers, the inspectors 
of boiler-insurance companies or municipal boiler inspectors, 
usually test all steam gauges in the plant by comparison 
with an accurate test gauge. The gauge to be tested and 
the test gauge are both attached to a vessel in which the 
pressure is raised by means of a small force pump, and the 
readings of the two gauges are compared at different 
pressures. 


24, Checking.—As previously explained, the safety 
valve can be checked by means of the steam gauge when 
the latter is known to be accurate. Conversely, when the 
safety valve is known to be set correctly, the steam gauge 
can be checked for the blow-off pressure by watching its 
indication when the valve just blows off. If a steam gauge 
shows an error of more than five pounds, it will be con- 
demned by most boiler inspectors. Steam gauges should be 
taken off at least once a month and the connecting pipe 
cleared by blowing steam through it. When the gauge is 
off, see that the hole in the nipple is perfectly clear. 


25. Number of Gauges Used.—Good practice demands 
that one steam gauge should be attached to each boiler 
where there is more than one boiler used. In some regions, 
however, it is not uncommon to see one steam gauge do 
duty for a whole battery of boilers. Such an arrangement 
has nothing but cheapness to recommend it and is severely 
condemned by most engineers. 


26. Repair.—With some kinds of water the spring of 
the steam gauge will corrode. Under no circumstances 
attempt to fix a corroded spring by soldering up the hole or 
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holes. Instead of this, send the gauge to the maker to have 
a new spring fitted and adjusted. When replacing the 
gauge after taking it off, make swre that the valve in the 
steam-gauge pipe is opened before going farther and then 
make sure that the gauge is operative. It has happened in 
numerous instances in putting up the piping with unions, 
that the gasket placed between the two parts of the union 
has been so large that in tightening the nut it has been 
squeezed out so as to completely stop the hole in the pipe, 
thus preventing the gauge from showing the pressure. 


GAUGE-COCKS AND WATER GAUGES. 


GAUGE-COCKS. 

27. Purpose and Location.—Gauge-cocks are simple 
valves or cocks that are attached to the boiler for the pur- 
pose of testing the level of the water. The cocks, usually 
three in number, are placed either on the head or shell or 
they are attached to the water column. The lowest cock is 
placed at the lowest level that the water may safely attain 
and the uppermost cock at the highest desirable level. On 
opening a cock above the water level, steam will issue forth, 
and on opening one below the water level, water will appear. 
Hence, the level may be easily located by opening the cocks 

Id be located about 
3 inches above the lowest water level advisable, which, in 
case of a return-tubular boiler, would be 3 inches above the 


in succession. The lowest cock shou 


upper row of tubes, and in a boiler of the locomotive type 
about 3 inches above the highest part of the crown sheet. 


GLASS GAUGES. 


28. The gauge @lass is a glass tube whose lower end 
communicates with the water space of the boiler and whose 
upper end is in communication with the steam space. 
Hence, the level of the water in the gauge should be the 
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same as in the boiler. Boilers in good work are provided 
with both cocks and gauges. Fig. 7 shows a common form 
of gauge-glass connection. The lower fitting 
connects with the water space and the upper 
fitting with the steam space of the boiler. A 
drip cock is placed at the lower end of the 
glass for the purpose of draining it. The 
fittings may be screwed directly into the 
boiler head. The gauge should be so located 
that the water will show in the middle of the 
gauge glass when at its proper level in the 
boiler. 


WATER COLUMNS. 


29. Gauge-cocks and glass water gauges 


connected directly to the boiler head are 
open to the objection that the violent ebulli- 
tion at the surface of the water will cause 
them to indicate a wrong water level. To 
overcome this objection, they are frequently 


placed on a separate fitting known as a water 
eolumn, which consists of a large hollow tube with its ends 
connecting with the steam and water spaces of the boiler far 
enough above and below the water level to be out of reach 
of the violent ebullition of the surface of the water. 


30. Fig. 8 shows an arrangement of water column, 
gauge glass, gauge-cocks, and steam gauge that is recom- 
mended by the Hartford Boiler Insurance Company, 
where // is a round cast-iron column whose inside diameter 
is about 4inches. The upper end communicates with the 
steam space of the boiler by means of the pipe connection / 
and the lower end with the water space through the pipe 
connection /. A drip pipe A is used for removing the 
condensed water from the column. The water glass / com- 
municates with the column through the connections Z and JZ. 


There are three gauge-cocks, 7, 7, and #. The center line of 
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the lowest one & should be located at least 3 inches above 
the level of the tops of the upper row of tubes in the boiler 
to insure that they may be always covered with water. The 
pressure gauge is connected to the 
pipe 7 by means of the inverted 
siphon pipe ?, which answers the 
same purpose as the bends in 
Fig. 6. 

USE AND CARE OF GAUGE GLASS 

AND WATER COLUMN. 


31. Too much reliance must 
not be placed on the gauge glass. 
If the water is muddy or contains 
soda, it is hable to foam, and the 
glass cannot give the true water 


level. Again, the connections 
between the glass and boiler may 


become so filled with incrusta- 


tion that scarcely any water 
can enter the gauge. To prevent 


this, the glass should be blown 


out frequently. The water gauge 


and water column should be 


tested at least oncea day. When 
the water gauge is attached 
directly to the head, open the 
drain cock to blow out the glass. 
Observe if the water returns 
immediately to its former level 
when the drain cock is closed. If 
if it fails to do so, this indicates 
that the lower fitting is choked 
with sediment or scale. Should 
the water fail to leave the glass, 
or leave it very slowly, it indicates that the upper fitting 
is choked. When this test shows the gauge to be out of 
order, it should be repaired at the first possible opportunity, 
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running in the meantime by the gauge-cocks. To remove 
all temptation to look at the glass, cover it with any material 
handy. While this may seem an unnecessary precaution, it 
may be the means of preventing an explosion with the con- 
sequent loss of life and property. 


32. When water columns are used, they usually have a 
valve in each connecting pipe. To test both the gauge and 
the column at the same time, dowd/e shut off one connection 
and see if you get the proper fluid through the drain cock. 
That is, to test the water connection, shut the upper valve of 
the gauge glass and the valve in the steam connection. 
Then open the drain cock of the glass water gauge. If water 
issues in a constant stream, the water connection is clear. 
glass and the valve 


(= 


Now open the upper valve of the gauge 
in the steam connection and close the lower gauge-glass 
valve and the valve in the water connection. If steam flows 
freely from the gauge-glass drain cock, the steam passages 
are clear. Close the drain cock again and open all valves. 

This method of testing is commonly expressed in a some- 
what ungrammatical form as follows: Double shut off what 
you get, and see if you get the other. 

The student is cautioned against the practice of testing 
the water column by opening the water-column drain cock 
only. While this will prove the water column to be clear, it 
will not prove the glass water gauge. 

33. When the water column has no valves in the con- 
necting pipes, test the gauge as if it were connected directly 
to the head, as previously explained. If the test shows the 
water column to be untrustworthy, haul the fires immediately 
and shut down until the column is cleared. To prevent the 
water column from choking up, drain it frequently and do 
the same with the glass water gauge. Always supplement 
the draining by the test given. The water gauges are the 
most important accessories to a steam boiler, and too much 
care cannot be bestowed on having them absolutely reliable. 


34. The pipes for the water column should run as straight 
as possible and connect directly to the boiler. Under no 
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circumstances whatsoever should these connecting pipes be 
used for any other purpose or have any other pipe connec- 
tion in them. When observing the glass water gauge while 
the boiler is working, note particularly whether the water 
showing in the glass is stationary or not. If the water level 
does not fluctuate, or pulsate up and down, as it were, it is 
an infallible sign that the gauge is out of order. Immedi- 
ately test the gauge and water column, and if draining them 
fails to clear them, shut down for repairs. 


35. In putting in new glasses that are held in place by 
rubber packing, care should be used to place the packing 
evenly, so that the glass will not come in contact with any 
part of the metal connections; on account of the unequal 
heat-conducting powers of the glass and metal, the glass is 
more likely to be broken when thus in contact with the 
metal than if held free by the packing, 


FUSIBLE PLUGS. 


36, Construction and Purpose.—In order to give 
warning of shortness of water in a steam boiler, fusible 
plugs are used. In many places they are 
required by law. The ordinary fusible plug in 
common use is shown in section in Fig. 9. It 
consists of a brass or iron shell threaded on the 
outside with a standard pipe thread. The 
inside is filled with some alloy having a low 


Fic. 9. 


melting point. As long as the plug is well 
covered with water, the fusible metal is kept from melting 
by the comparative coolness of the water; but should the 
water sink low enough to uncover the top of the plug, the 
filling quickly melts and allows the steam to rush out; thus 
giving warning of the shortness of water. The plug shown 
has a conical filling, the larger end of the filling receiving 
the steam pressure. The conical form of the filling prevents 
its being blown out by the steam pressure. 
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37. A good form of fusible plug is shown in Fig. 10. 
The plug P is screwed into the sheet Q, the fusible cap ZF is 
laid on top of it and kept in 
place by thenut U. A very 
thin copper cup S is placed 
over the top of the fusible 
cap AK to protect it from 
any chemical action of the 
water. A valuable feature 
of this style of fusible plug 
is that when applied to the 
crown sheet of boilers of the 


locomotive type, it will give 


warning of shortness of 
water before the crown Bic. 10: 

sheet is entirely uncovered, since it extends about 14 to 
2 inches above the sheet. 


38. Location of Plaugs.—In horizontal return-tubular 
boilers, the plug is usually placed in the back head 3 inches 
above the upper row of tubes. In flue boilers of the two-flue 
type, one plug is screwed in each flue at its highest point, or 
in the back head ata level about 2 or 3 inches above the top 
of the flues. The latter practice is considered the better, 
since it will give warning of shortness of water before the flues 
become uncovered. In firebox boilers, the plug is screwed 
into the highest point of the crown sheet. Jn vertical boil- 
ers, it is usually screwed into one of the tubes about 2 inches 
below the lowest gauge-cock. In water-tube boilers, it is 
located usually in the shell of the steam drum. In general, 
it should be so located that it will prevent, by the warning 
it gives, the overheating of the parts within the fire-line. 


39. Care of Fusible Plugs.—As with other safety 
devices, dependence can only be placed on a fusible plug 
when it is given intelligent and reasonable care. It should 
be removed at least once a month and examined to see that 
the filling is not covered by hard scale. Instances are not 
rare when the filling has melted out and the steam been 
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prevented from issuing by a heavy covering of incrustation. 
The filling should be renewed at least every six months. 
Before screwing the plug home, smear a liberal supply of 
plumbago (graphite) on the threads; this will allow the plug 
to be easily removed. Do not use any oil; this will become 
carburized, owing to the high temperature, and will make it 
quite difficult to remove the plug. 


40. For the filling of fusible plugs, pure Banca tin is 
probably the best. This can be procured almost anywhere, 
although, in general, it is cheaper to keep a small supply of 
plugs on hand, and simply replace the plug with a new one, 
instead of refilling it. 


41. When taking charge of an old boiler, it is well to 
examine the fusible plug to see if it really is what it pretends 
to be. Instances are not rare when ignorant persons, in 
order not to be bothered by ‘‘leaks,” have either replaced 
the fusible plug by a solid gas plug or stopped up the hole 
in the plug by driving wood or iron into it after the filling 
had melted out. 


BLOW-OFF APPARATUS. 


42. Bottom Blow-Off.—For the double purpose of 
emptying the boiler when necessary and of discharging the 
loose mud and sediment that collects from the feedwater, 
each boiler is provided with a pipe that enters the boiler at 
its lowest point. This pipe, which is provided with a valve 
or cock, is commonly known as the bottom blow-off. The 
position of the blow-off pipe has been shown in the illustra- 
tions of most the boilers described; in ordinary return-tubular 
boilers, it is usually led from the bottom of the rear end of 
the shell through the rear wall. Where boilers are supplied 
with a mud drum, the blow-off is attached to the drum. 

43. While many boiler plants use globe valves on the 
blow-off pipe, their use is objectionable, since though tightly 
screwed down, the valve may not be properly closed on 
account of a chip of incrustation or similar matter getting 
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between the valve and its seat. Asaresult, the water may 
leak out of the boiler unperceived. Formerly, brass plug 
cocks were used almost entirely, which, owing to their habit of 
sticking tightly, were superseded by globe valves and gate 


valves. Within the last few years plug cocks packed with 
asbestos have been placed in the market, the asbestos pack- 
ing removing the objectionable features of the plug cock. 
Many engineers now insist on the use of these cocks for the 
blow-off pipe. Gate valves are also used to some extent, but 
are open to the same objection as globe valves. 


44, The bottom blow-off pipe, when exposed to the gases 
of combustion, should always be protected by a sleeve made 
of pipe, by being bricked in, or by a coil of plaited asbestos 
packing. If this precaution is neglected, the sediment and 
mud collecting in the pipe, in which there is no circulation, 
will rapidly become solid. Instances are not rare where the 
blow-off pipe has become so badly choked that on opening the 
blow-off cock the full steam pressure could not clear the pipe. 


45, The blow-off pipe should lead to some convenient 
place entirely removed from the boiler house and at a lower 
level than the boiler. In some places the blow-off may be 
connected to the nearest sewer; in many localities, however, 
ordinances prohibiting this are in force; the blow-off is then 
connected to a cooling tank, whence the water may be dis- 
charged into the sewer. When the blow-off has been used 
for the purpose of partially emptying the boiler, the greatest 
care should be used to make sure that the cock or valve is 
properly closed. If there is a leak, it can be discovered by 
feeling the blow-off pipe at some distance from the boiler. 


46, The Surface Blow-Off.—Boilers are often fitted 
with a surface blow-off, which is simply a pipe with a 
scoop-shaped fitting placed 3 or 4 inches below the water 
level. The pipe is provided with a cock or valve. The 
surface blow-off serves to remove floating impurities that 
would finally settle and fall to the bottom of the boiler if 
not removed. When using the bottom or surface blow-off 
to partially empty the boiler, the attendant should not leave 


He So lila 
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the boiler room under any circumstances without first clo- 
sing the blow-off cock. The blow-off cock should be opened 
wide in order to cause a rapid flow through the pipe; this 
tends to prevent the lodgment of scale in the elbows and 
other fittings. The usual diameters of blow-off pipes are as 
follows: 14-inch pipe for boilers up to 42 inches in diameter, 
2-inch pipe for diameters up to 60 inches, and 24-inch pipe 
for larger boilers. 


5 


VALVES AND COCKS. 


4%. For the purpose of controlling the flow of fluids 
through pipes, valves and cocks are universally used. 
Valves that allow the fluid to flow through them in either 
direction are divided into two general classes, viz., globe 
valves and gate valves. 


48, Globe valves are made in a variety of forms, follow- 
ing the same general idea of construction. A common 
form is shownin Pig, ii. Here 
the fluid enters at 4 and flows 
out at & The opening in the 


valve seat is closed by a flat 
removable disk, which may be 


CE ell Fie. 12. 

renewed when worn so as to leak. Another common con- 
struction is shown in Fig, 12. This style of valve is used 
at the junction of two pipes at a right angle, and hence is 
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termed an angle valve. The seat of the particular valve 
shown is beveled; when worn, it may be made tight again 
by grinding it in. Globe valves should be attached to the 
pipes in such a manner that the valve will close against the 
pressure. This will allow the valve stem to be packed with- 
out closing down the plant. 


49, Gate Valves.—The waterway through a globe valve 
is so contorted that it obstructs the flow of a fluid through 
the valve to some extent. To 
overcome this objection, gate 


valves have been designed, a 
common form of which is shown 
im, Figo. 13. By turning the 
stem 4, the wedge-shaped 
disks A and A, are moved across 
the s€ats ¢, c, and the orifice is 
opened or closed gradually. 
The disk A, has cast on its lower 
side a projection J that rests 


on a corresponding projection £ 
that is cast with the valve body. 
These two projections form a 
stop for the disk 4A,; when it has 
come to a stop, a further turn- 
ing of the stem wedges the two 
disks apart, pressing them tightly 
against the seats. A gate valve 
may be put on to receive the 


pressure on either side. 


50. Check-valves are valves Fic. 13. 

designed to permit the flow of fluids in one direction only 
and to positively prevent any return flow. The most com- 
mon form of check-valve is that known as a globe check. 
It is shown in Fig. 14. The valve A is a solid disk of metal 
ground to the beveled seat &. It is guided by the wings ¢ 
and & above and below the seat. The fluid passes in the 
direction of the arrows. 
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51. An improved form of check-valve, known as a swing 
check, is shown in Fig. 15. The valve disk is attached to 


Fic, 14. Fic. 15. 


an arm that swings on a pin, as shown. The passage of the 
fluid through this valve is more direct than in the globe 
check, and the pressure required to open the valve is much 
less. The fluid passes through the check in the direction 
shown by the arrows, that is, from A toward £. Incase ofa 
rapid flow, the projection C on the end of the arm, to which 
the valve is attached, strikes against the bottom of the 
screw J), and is thus kept from going too far. 

52. The two kinds of check-valves illustrated are not 
very well adapted for working in any other except a hori- 
zontal position. If a check-valve must be used in a vertical 
pipe, one made especially for this purpose should be 
obtained, 


53. Cocks are rarely used for any other purpose than 
the blow-off pipe. ‘Ordinary water-cocks, as used by 
plumbers, are not well adapted for this purpose; special 
blow-off cocks are made and can be obtained from all rep- 
utable makers. The objection to the ordinary plug cock is 
its tendency to leak around the bottom and the difficulty of 
moving the plug after the cock has been closed for some 
time. To overcome this difficulty, asbestos-packed plug 
cocks have been designed and are gradually coming into 
extensive use. These cocks have dovetail grooves cast into 
the body, into which asbestos is tightly driven. The 
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asbestos being slightly elastic, it fits snug against the plug, 
thus making a tight joint; at the same time, owing to the 
small amount of friction, it allows the plug to be turned 
easily. Since the asbestos is not affected by heat or moist- 
ure, it is quite durable. 


DOME AND STEAM DRUM. 


54, Domes are placed on cylindrical boilers for the pur- 
pose of increasing the steam space, and also for the purpose 
of drying the steam, the supposition being that the steam 
will be dried on account of its being farther removed from 
the water. The hole cut in the shell to give communication 
between the boiler and dome should be made only large 
enough to allow a man to pass through, since a large hole 
materially weakens the shell. The edge of the plate around 
the hole should be reenforced by a wrought-iron ring riveted 
to it. The flat top of the dome must be stayed by diagonal 
braces. Steam domes usually have a diameter equal to one- 
half’ the diameter of the boiler, and a height equal to about 
nine-sixteenths the diameter of the boiler. 


55. Boilers are often fitted with a steam drum instead 
of adome. The steam drum is simply a cylindrical vessel 
connected to the shell. When several boilers are set so as 
to form a battery, they are often connected to one drum 
common to all boilers. When each boiler has its own fur- 
nace, there should be a stop-valve between each boiler and 
the drum to allow the boiler to be taken out of service when 
required. When the boilers in battery have one furnace 
common to all of them, no stop-valve should ever be placed 
in the pipe connections between each boiler and the drum. 
Where boilers are in battery with separate furnaces, each 
boiler must have its own safety valve, which should always 
be so fitted that it cannot be cut off from the boiler under 
any circumstances. 


56. Some boilermakers when fitting a longitudinal steam 
drum to a boiler will attach it by two nozzles. Many 
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engineers object to this method, since with an unequal 
expansion of the boiler and drum, which is quite likely to 
occur, the joints of the nozzles will become leaky, owing to 
the strains to which they are subjected. It is now the rule 
in good work to use one nozzle only. When the steam drum 
is used fora single boiler, its diameter may be made equal 
to one-half the diameter of the boiler, and its length equal 
to the diameter of the boiler. Where one steam drum is 
common to several boilers, its diameter is usually made 
equal to half the diameter of the boiler, and its length 
equal to the horizontal outside-to-outside measurement over 
the several boiler shells. 


5%. The strength of steam drums may be determined 
by the rules governing the strength of boiler shells. They 
require just as rigid inspection as the boiler itself. 


THE DRY PIPE. 


58. Stationary boilers are often fitted with a dry pipe. 
This consists of a pipe closed on both ends, located near the 
top of the shell inside of the boiler, and connected in any 
suitable manner to the steam pipe. The upper half of the 
pipe is either perforated or provided with a number of slots 
through which the steam enters. The supposition is that 
by this means most of the entrained water will be separated 
‘from the steam, the water flowing into the water space 

through small holes in the bottom of the dry pipe. The 
combined area of the perforations should be about equal to 
the area of the stop-valve. 


THE MUD DRUM. 


59, Mud drums are occasionally attached to stationary 
boilers for the purpose of providing a quiet place for the 
collection of mud and sediment in tnechanical suspension in 
the feedwater, which is then introduced in the mud drum. 
It is located underneath the boiler and at the rear end, 
being connected to the boiler by a suitable nozzle, usually 
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of cast iron. Where several boilers are set in battery, they 
are sometimes connected to a common mud drum. This 
practice is permissible when the whole battery is used at 
once. When so fitted, none of the boilers can be tempo- 
rarily taken out of service unless each nozzle is provided 
with a stop-valve. Owing to the difficulty of protecting the 
valve from the fire, this is rarely if ever done. This con- 
sideration limits the use of a common mud drum to cases 
where all the boilers are worked together. When a mud 
drum is fitted, the blow-off should be attached to it and the 
sediment collected in the drum frequently blown out. 


MANHOLES AND HANDHOLES. 


60. For the purpose of allowing the inside of the boiler 
to be examined, cleaned, and repaired, holes closed by 
suitable covers are cut into the head or shell. When of 
sufficient size to admit a man, they are called manholes ; 
otherwise, Landholcs. 


61. The Manhole.—A common construction of a man- 
hole and its cover is shown in Fig. 16. An elliptical hole is 


Fic. 16. 


cut into the head or shell of the boiler. A wrought-iron 
or steel ring A, called a compensation ring, is riveted to 
the plate P, generally on the outside, for the purpose of 
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strengthening the plate, which is weakened considerably by 
the cutting of such a large hole through it. A cover V 
made of wrought iron, cast iron, or steel is fitted to the 
hole, inside of the boiler, and is provided with two studs Y, Y 
riveted to it. This cover is flanged and overlaps the edges 
of the plate about 1 inch or more all around its perimeter. 
A yoke JM is slipped over each stud, its two extremities 
resting on the compensation ring. A ring G, or gasket, as 
it is commonly called, made of sheet rubber or any other 
pliable waterproof material, is placed between the plate and 
the cover and serves to make a water-tight joint. . 


62. Of late years it has become quite generally the prac- 
tice to flange the head inwards and face its edge, thus doing 
away with the necessity for the compensation ring. When 


the manhole is in the shell, in the best modern practice, a 
flanged compensation ring is riveted to the inside of the 
shell, as shown in Fig. 17. 

In the design shown, the edges of the ring and cover are 
faced and carefully fitted to each other, thus making a 
metallic joint. Owing to the practical difficulty of making 
such a joint perfectly water-tight, most engineers would 
prefer to place a gasket, either fibrous or metallic, between 
the cover and its seat, even when both are faced and fitted 
to each other. Manholes are usually made about 11 inches 
by 15 inches in the clear. If any smaller, it is a rather 
dithcult matter for a man to get through them. 


63. The Handhole.—Handholes are placed in boilers 
whose construction does not permit the entrance of a man, 
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as, for example, in vertical boilers. They are also placed in 
other boilers in convenient positions; thus, in boilers of the 
locomotive type they are usually placed in the corners of 
the water legs, and in horizontal return-tubular boilers are 
often found in the heads below the tubes. The handhole is 
a convenient place to rake out sediment and scale and to 
admit a hose for the purpose of washing out the boiler. 
The handhole and its cover are constructed very much like 
a manhole and cover; the handhole being smaller, requires 
but one yoke and bolt to close up the cover. 


64. Manholes and handholes are made elliptical to allow 
the cover to be passed through the hole. The smallest 
diameter of the cover is somewhat less than the largest 
diameter of the manhole, and thus allows the cover to pass 
freely through the manhole. It is then turned one-quarter 
around inside the boiler, the gasket placed on the flange, 
and put in position, 


65. When using sheet rubber or other fibrous gaskets, it 
is a‘lvisable to give them a good coating of plumbago on 
both sides. This will prevent their sticking to the cover 
and seat and allow them to be readily removed. It is 
rarely advisable to use the same gasket again when replacing 
the cover; it will usually have become carbonized by the 
heat and thus be too hard to make a tight joint, no matter 
how hard the nuts are screwed up. When the cover has 
been replaced with a new fibrous gasket, it is well to exam- 
ine it again after steam has been gotten up and tighten up 
the nuts once more. A plentiful supply of graphite (plum- 
bago) smeared on the threads of the bolts before the cover 
is replaced will allow the nut to be readily removed at the 
next examination. 


66. When a manhole or handhole gasket blows out, as 
will happen if the work of replacing the cover has been care- 
lessly done or the gasket cut too large, about the only thing 
that can be done is to haul the fire, blow out the boiler after 
the steam has gone down, and make the joint over again. 
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6%. Before taking off a manhole or handhole cover, 
immediately after the boiler has cooled down, it is advisable 
to raise the safety valve or open a valve or gauge-cock so as 
to break the vacuum that may have been formed by the 
condensation of the steam remaining in the boiler. If this 
precaution is neglected, it may result in serious injury. 
While it cannot be truthfully stated that a vacuum will 
always form, instances are on record where this has hap- 
pened and the cover been forced inwards by the external air 
pressure. 


LOW-WATER ALARMS. 


68. The object of the device called a low-water alarm 
is to give warning of low water in the boiler by the auto- 
matic sounding of a whistle. This object may be attained 
by the melting of a fusible plug or by the use of a float 
connected to the whistle valve. Other means, such as elec- 
trical devices and mechanical devices, using the difference 
in expansion of different metals for actuating the whistle 
valve, have been used occasionally, but have not come into 
extensive use, probably on account of being too delicate. 


69, Fusible-plug alarms possess the advantage of 
cheapness, but they are very liable to become inoperative 
because of becoming incrusted with scale. If such an alarm 
is used, it should be cleaned once a month and the fusible 
plugs renewed at least every six months. When continually 
exposed to heat, the alloy of which fusible plugs are com- 
posed seems to deteriorate and become non-fusible, hence 
the recommendation to renew them occasionally. 


70. Probably the great majority of alarms belong to the 
class using a float. They are often arranged to indicate 
both low and high water. A representative device of this 
class, known as the Reliance high- and low-water alarm, 
is shown in Fig. 18. 
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As shown in the figure, the device consists of two hollow 
floats a, 6 that are suspended from the bell-cranks c, d. To 
the short arm of each bell- 
crank is attached the valve 
stem of a small valve, there eo 
being one valve for each float. 
These valves serve to put 
the steam space of the water 
column in communication SSS 
with the alarm whistle e. In Ve 
this particular design of water (Cope oN ] 
column a sediment chamber * \ Jk 
is formed at the bottom of the 
column that collects all for- (Sephin 
eign matter that settles from 
the water. The water-column 
drain is connected to the set- Ue 
tling chamber. a) 


Water 


LGA e 


41. The operation of the 
alarm’ is as follows: when the / 
water is at its proper level, the ] 
float 0 is surrounded by water . 
and, being hollow, is pressed co 
upwards. Being connected to el ii5= 
the long arm of the bell- sae 
crank c, this upward pressure a 
keeps the upper whistle valve BIG 3g 
closed. Let the water become low in the column so as to 
begin to uncover the float. Then, the upward pressure due 
to the buoyant effect of the water gradually diminishes and 
finally will become so small that the float will descend, thus 
opening the upper whistle valve and sounding the alarm. 
The high-water alarm float a keeps the lower whistle valve 
closed by the weight of the float. When the water rises, the 
float is carried upwards, the lower whistle valve is opened, 
and the alarm sounded. 

While water alarms of all makes are perfectly reliable 
when in good working order, too much dependence should 
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not be placed on them, since, like many safety devices, they 
will become inoperative with long use. Float-operated 
alarms become inoperative through the collapsing and cor- 
rosion of the floats and the choking up of the whistle 
valves. Hence, these parts must occasionally be carefully 
looked after. The floats should frequently be examined to 
see if they are water-tight, since the working of the alarm 
depends on this fact. 


THE WHISTLE. 

%2. Nearly every steam plant is provided with a whistle 
for signaling purposes. Two of the most common con- 
structions are shown in Figs. 19 and 20. The bell, or upper 


Fic. 19, 


portion, is a hollow cylinder closed at the top and open at 
the bottom, and is held in position by a stud that passes 
through the center and is secured at the upper end by 
means of ascrew and jamnut. The hollow base has a narrow 
circular orifice that communicates with the steam pipe and 
valve. As the steam rushes out of the orifice in an upward 
direction, toward the mouth of the bell, it slightly com- 
presses the air contained in the bell. The air being 
elastic will not retain a fixed or stationary position, but will 
shghtly spring back toward the inrushing steam, where it is 
again forced back in a compressed state, causing a vibration 
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of the air and steam. These vibrations continue as long as 
steam is permitted to flow and are communicated to the 
surrounding atmosphere, thus producing sound. 


73. The tone may be changed to a higher pitch by low- 
ering, or to a lower pitch by raising, the bell. This may be 
done by loosening the jam nut and turning the bell up or 
down, after which the nut should be again tightened. 


74. Whistles are also constructed to produce two or 
more tones of different pitch simultaneously by dividing 
the bell into two or more cell-like parts, as shown in Fig. 19. 
Each apartment produces a different tone, and when these 
tones chord perfectly, the effect is quite pleasing. 


75. In manufacturing establishments the whistle is 
usually located on the roof; that is, at a considerable dis- 
tance above the boiler. In order to prevent this long pipe 
becoming filled with water, it is advisable to fit a small 
drain pipe and valve directly above the stop-valve in the 
whistle pipe, which is placed close to the boiler. At night 
the steam may then be shut off from the whistle and the 
drain valve opened. 

When no separate valve is fitted to the whistle to shut 
off the steam, the blowing of the whistle, due to an accident 
to the whistle valve, may be stopped by pushing a stick into 
the bell; if this is not feasible, due to the construction of the 
whistle, stuff cotton waste into the bell, using a long stick. 


FEEDPIPING. 


%6. The pipe system through which a boiler or boiler 
plant receives its water supply may be divided into two 
parts: the external system and the eternal system. 

The external system comprises the piping required to take 
the feedwater from its source of supply and to deliver it at 
the boiler. The internal system consists of the pipes lead- 
ing from the outside of the boiler to the point of delivery. 


9%. The external feed system comprises the suction 
pipe of the feed-pump or injector and the delivery pipes or 
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feedpipes that deliver and distribute the water to the dif- 
ferent boilers. As tothe arrangement of the suction pipes, 
they should be as short and free from bends as it is possible 
to make them, especially when the water must be lifted 
some distance from a well or similar source of supply. In 
general, it is very difficult to lift water to a greater height 
than 24 feet at sea level, unless the piimp is in excellent 
condition; if the water must be lifted higher, it is usually 
better to locate the pump farther down, excavating for it, if 
necessary. The suction pipes should also be perfectly air- 
tight. When the feedwater is taken from a city water 
supply, it usually comes to the pump or injector under some 
pressure; the feed apparatus can then be located where most 
convenient. 


78. The arrangement of the feedpipes naturally 
depends on the number of boilers to be supplied by the 
feed apparatus and on the extent to which the pump or 
injector is required to supply water to any one or all of 
several boilers. 


79. In Fig. 21 is shown an ordinary method of arranging 
the feedpipes where two boilers are supplied by the same 


BIG. 21. 
pump. The main pipe PP running along the front of the 
boilers receives the feedwater discharged from the pump. 
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Each boiler is supplied by a branch from the pipe ? entering 
the front head C. Each of these branches is provided with 
a globe valve A and a check-valve &. The globe valve 
shuts off the water from the boiler, while the check-valve 
allows the water to enter when the globe valve is open, but 
prevents its return. 


80. The globe valve should always be placed nearest 
the boiler, thus allowing the check-valve to be examined 
and repaired without shutting down the boiler. With the 
arrangement of feedpiping shown, the feedwater can be 
delivered simultaneously to both boilers or to either boiler 
separately. 


81. An arrangement of feedpiping for a plant having 
six boilers in two batteries with two independent feed-pumps 
is shown in diagrammatic form in Fig. 22. Both of the 


FIG. 22. 


feed-pumps shown at A and B are connected to the main 
feedpipe J7. This pipe has six branches, as ), J), one for 
each boiler. Each branch pipe has its own globe valve / and 
check-valve /. There are two valves in the main feedpipe, 
one between each pump and the nearest branch pipe. With 
this arrangement, either or both pumps may be used for 
anyon all bovlers, “Thus, if it 4s desired tovuse pump A 
for all boilers, the valve in the main feedpipe near this 
pump is opened and the valve near the pump JZ is closed. 
The pump A will then deliver into any or all of the six 
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boilers, depending on the manipulation of the globe valves 
in the branch pipes. 


82. When the feedwater goes through a feedwater heater 
before entering the boilers, it is usually advisable to provide 
by-pass connections, so that in case of accident to the heater, 
it may be cut out of service without interference with the 
feeding. In many plants the entire feed system is fitted in 
duplicate, in order to be prepared for emergencies. One 
system may then be supplied by injectors and the other by 
pumps. 


83. The internal feed system is arranged in various 
ways. Its purpose is twofold: (1) to conduct the water to 
the proper point of discharge in the boiler; (2) to heat the 
relatively cold feedwater to nearly the temperature of the 
water in the boiler. As to the proper point of discharge, 
authorities differ considerably. Most engineers believe that 
the water should be discharged into the coolest part of the 
boiler and should be diffused by delivering it through a per- 
forated pipe. Others discharge the feedwater into the steam 
space and use some suitable spraying device to break the 
entering stream into spray. 


84. When discharging into the water space of horizontal 
tubular boilers, a common and very satisfactory arrange- 
ment is to make the feedpipe enter the front head a little 
below the water-line and carry it to within a few inches of 
the rear head. The end of the pipe is closed and a number 
of holes in the bottom of the pipe discharge the water down- 
wards between the tubes. Or the water may enter through 
the bottom of the rear head; a horizontal pipe then carries 
it to within a few inches of the front head. It then passes 
through a vertical pipe up between the tubes to within a 
few inches of the water level and then returns to the rear 
through a horizontal pipe and is discharged downwards 
between the tubes. With this arrangement, the feedwater 


will be heated to the same temperature as the water in the 
boiler. 
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85. In cylinder boilers the feedwater usually enters the 
bottom of the front head. In good practice it is then carried 
to the rear by a horizontal pipe and discharged upwards. In 
some plants this is not done, however, and the water is dis- 
charged directly on the crown sheet. This is considered 
very poor practice by many engineers, since it will subject 
the plate exposed to the most intense heat to severe local 
stresses, which ultimately will strain the metal beyond its 
elastic limit and cause a rupture. In general, it is the 
common rule that feedwater should never be discharged on 
the parts of the boiler exposed to the most intense heat, nor 
should it be delivered in a solid stream against a plate, and, 
furthermore, it should be discharged in such a direction as 
to assist the circulation. 


86. In flue boilers the water may be discharged in the 
same manner as in return-tubular boilers. In vertical boilers 
it is usually discharged into the water leg at the lowest point, 
although sometimes it is delivered about 2 feet above the 
crown,sheet. In boilers of the locomotive type it may be 
delivered into the lower part of the cylindrical part or into 
the water legs below the grate. In water-tube boilers the 
builders always determine where to discharge the feedwater, 
and their advice should be followed. 


FURNACE FITTINGS. 
8%. The furnace fittings consist of the grate with its 
supports, the dead plate, and the bridge wall, 


88. The grate, which is nearly always made of cast iron, 
furnishes a support for the fuel to be burned and must be 
provided with spaces for the admission of air. The spaces and 
supports are alternate and are distributed evenly all over 
the grate surface. The combined area of all the supports 
is usually made nearly equal to the combined area of all the 
air spaces; in other words, half the grate surface is air space 
and half serves to support the fuel. 


SO 15 
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89. The most common type of grate is made up of single 
bars as A, Fig. 23, that are placed side by side in the furnace. 


a ea,” 


FIG. 23. 


The thickness of the lugs cast on the bars determines the 
width of the open spaces of the grate. It is the general 
practice to make the thickness across the lugs twice the 
thickness of the support. For long furnaces the bars are 
generally made in two lengths of about 3 feet each, with a 
bearer in the middle of the grate. Long grates are gener- 
ally set with a downward slope toward the bridge of about 
# inch per foot of length. This facilitates the admission of 
air to the rear of the grate; it also facilitates cleaning the 
CALE: 

90. The width of the air space, and hence the thickness 
of the grate bar, depends largely on the character of the fuel 


COE CG 


FIG. 24, 


burned. For the larger sizes of anthracite and bituminous 
coals, the air space may be from 2 to 2 inch wide, and the 
grate bar may have the same width. For pea and nut coal, 
the air space may be from 3 to 4 inch, and for finely divided 
fuel, like buckwheat coal, rice coal, birdseye coal, culm, and 
slack, air spaces from 3, to 3 inch may be used. When 
these small air spaces are used, the grate if made of single 
bars, like that shown in Fig. 23, must have the bars so thin 
in proportion to their length that they will warp and twist 
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anda large number of the bars will soon break, especially 
when the rate of combustion is high. To overcome this 
objectionable feature, the grate bar shown in Fig. 24, and 
known as the herringbone grate bar, was designed, and in 
many parts of the country it has almost entirely superseded 
the ordinary grate bar. 


91. Owing to the shape of the supports for the fire, they 
are free to expand and contract; being quite short and of 
small depth in comparison to the ordinary grate bar, there is 
very little danger of excessive warping of the supports. 
In consequence, they will usually far outlast a set of ordinary 
grate bars. Since there are only a few large bars for the 
grate, it also is easier to replace a broken bar. Herring- 
bone grate bars can be obtained in a great variety of styles 
and with different widths of air spaces. 


92. In general, a grate bar that is suited for the kind of 
fuel that is to be burned should be selected. Thus, if finely 
divided coal is to be burned, a grate bar having small air 
spaces and supports should be selected, since otherwise a 
large percentage of the fuel will fall into the ash-pit. On 
the other hand, for the large sizes of coal, select bars having 
large air spaces, using the largest air space when caking 
coals are to be burned. Some varieties of bituminous coal 
will cake, that is, fuse together to a considerable degree, and 
the ashes and clinkers formed will be of such size that a 
large part of them cannot pass through the air spaces unless 
they are large; the grate thus becomes clogged, shutting off 
the air from the fire. This reduces the rate of combustion 
and evaporation. When putting in grate bars, they should 
not be fitted in tightly, but plenty of room should be given 
to allow them to expand. 


93. Shaking Grates.—The greatest objection to station- 
ary grate bars is that with them the furnace door must be 
kept open for a considerable length of time to allow the fire 
to be cleaned. Ashes, cinders, and clinkers will collect in 
the course of time on the grate, shut off the air supply, and 
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thus reduce the amount of steam generated. To restore 
bhe fire, it needs to be cleaned. Cleaning firés with a sta- 
tionary grate is not only a job that severely taxes the fire- 
man, owing to the excessive heat to which he is exposed, but 
also the inrush of cold air chills the boiler plates, thus pro- 
ducing stresses that in the course of time will crack them. 
To overcome these objections, grates have been designed 
that allow the fire to be cleaned without opening the furnace 
door. This is usually done by giving each grate bar a 
rocking motion. 


94. The McClave shaking grate is shown in Fig. 25. 
The grate bars ¢, ¢, etc. are supported by trunnions ¢, c that 
fit into bearing bars placed on each side of the grate. A 
portion of the bearing bar has been removed in order to 
show the grate bars properly. By working the lever / back- 
wards and forwards, the rod 7, which is connected to the 
lever / by the stub lever 7, and also with the grate bars 
aw, @, eLc,, transmits the motion ot the lever to the pirate 
bars and causes them to rotate to and fro on the trunnions. 

The grate operates on the pocket principle; when the 
grate bars are thrown wide open they form a series of 
pockets that receive the ashes and clinkers; when the bars 
are thrown back to their upright position, the ashes are 
deposited in the ash-pit, and thus a quantity of ashes is 
removed from the bottom of the fire at each sweep of the 
lever. 


95. This grate has been recently improved so as to 
allow one-half of the grate to be shaken without disturbing 
the other half. This is an advantage, inasmuch as the 
front half of the fire may be in good condition, while the 
back half may need shaking, and wee versa. 

This method of cleaning is particularly applicabie to 
anthracite coal fires, since the main body of the fuel is left 
undisturbed. The grate may also be used for shaking and 
breaking up the solid bed of fuel, as is necessary in fires of 
caking bituminous coals. For this purpose the lever is 
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vibrated rapidly back and forth through a small arc. The 
ashes are shaken through the grate and the mass of fuel is 
broken up. This grate is extensively used for burning the 
smaller sizes of anthracite, such as the pea and buckwheat 
sizes, and culm. 


96. The dead plate is a flat iron plate usually placed just 
inside the furnace door. Its purpose is to furnish a support 
for the firebrick lining of the front of the furnace, and with 
stationary grates it also usually forms the support for the 
front end of the grate. In using some varieties of coal, it is 
necessary to place the coal on the dead plate and let it 
become heated before pushing it on to the grate. 


9%. The bridge is a low wall at the back end of the 
grate; it forms the rear end of the furnace. The bridge is 
usually built of firebrick, though in some cases it 1s made of 
wrought iron, with an interior water space communicating 
with the inside of the boiler. It is the office of the bridge 
to bring the flame in close contact with the heating surface 
of the boiler. The passage between the bridge and boiler 
shell should not be too small; its area may be approximately 
one-sixth the area of the grate. Likewise, the space between 
the grate and shell should be ample for complete combus- 
tion. Professor Thurston advises that the distance between 
erate and boiler shell should be one-half the diameter of the 
shell. 


DAMPER REGULATORS. 


98. In many steam plants it is required that the steam 
pressure be kept practically uniform. For this purpose 
damper regulators have been designed, which, operating 
upon a change of the steam pressure in the boiler, automat- 
ically control the position of the damper and thus regulate 
the volume of gases passing into the chimney. This in turn 
regulates the intensity of the fire and the generation of steam. 


Damper regulators may be divided into three general 
classes: 
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1. Steam-actuated regulators, where the motion of a 
diaphragm under variation of steam pressure is transmitted 
directly through some multiplying device to the damper. 


2. Steam-actuated regulators, where the steam in acting 
on a diaphragm causes a displacement of a valve, which 
admits steam into a cylinder, the piston of which is con- 
nected to a damper. 


3. Hydraulic-operated regulators, where the movement 
of a diaphragm under variation of the steam pressure 
operates an admission valve, admitting water under pres- 
sure to a cylinder, the piston of which is connected to the 
damper. 


99. Damper regulators of the first class are used very 
little, for while cheap in first cost, the regulation is rather 
unsatisfactory. Regulators of the second class will regulate 
very closely. The makers of the Curtis regulator, for 
instance, guarantee that the motion of the damper from one 
direction to the other will change with a variation of steam 
pressure of one-quarter of a pound per square inch, either 
way, from the point at which it is set to operate. 


100. Regulators of the third.class will also regulate 
very closely. Being dependent on water under pressure for 
their action, their application is limited to places where they 
can be connected either to a city water service or to a tank 
sufficiently high above the regulator to give the required 
pressure. They are sometimes connected directly to the 
water space of a boiler; while the damper regulator will 
operate when so connected, this method is open to the 
objection that it results in a waste of heat that may be 


quite large. 


101. A Spencer hydraulic damper regulator is 
shown in Fig. 26. The diaphragm chamber @ contains a 
flexible diaphragm dividing the chamber into two parts. 
The under part is filled with water which is subjected to the 
boiler pressure through the steam pipe d@. The diaphragm 
tends to move upwards under the influence of the steam 
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pressure, but its upward motion is resisted by the downward 
force exerted by the weighted lever c. The weights on this 
lever are so adjusted that it will occupy a position midway 
between its two extreme positions when the steam pressure 
in the boiler is exactly at the point at which it is to be carried. 
A secondary lever / is hinged at /' to the free end of ¢c; this 
secondary lever is fulcrumed at mm, At g the valve stem of 
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FIG, 26. 


the operating valve is attached to it. This valve works 
inside of the piston closely fitted to the stationary cylinder / 
and serves to admit water under pressure to either side of 
the piston. The piston rod passes through both heads of 
the cylinder /; at its lower extremity it is connected to the 
lever 7 pivoted at 7’, which, through the medium of the 
connecting-rod 7, transmits any motion of the piston to 
the damper. 

Let the steam pressure rise above that for which the 
damper is set. Then the diaphragm and the free end of the 
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lever c move upwards. The lever f being connected to ¢ at 
one end, it swings upwards around mw as a fulcrum; this 
raises the valve inside of “% and thus admits water under 
pressure to the bottom of the piston in % At the same 
time the valve places the upper side of the cylinder in com- 
munication with the water-escape pipe. In consequence 
thereof, the piston ascends and pulls the lever 7 upwards, 
which in turn rotates the damper /, closing it still farther. 
Now, as soon as the piston commences to ascend, 7 is moved 
upwards and the lever / swings around /' as a fulcrum. 
This causes the vaive in the piston to move downwards in 
relation to the piston, thus closing the water-supply port 
and holding the piston in its new position. 

When the steam pressure falls below the normal pressure, 
the levers c and / descend, and as / swings around mm the 
valve also descends, placing the upper side of the piston in 
communication with the water supply and the under side 
in communication with the water-escape pipe. Then the 
piston descends and the damper opens. But / now swings 
around./f', and thus causes the valve to ascend in relation to 
the piston, which is then brought to rest. 

The cylinder / is shown in section in Fig. 27. The piston 
is made water-tight by the cup-leather packing rings 7, 7. 
The water under pressure enters through the supply pipe @ 
and surrounds the piston, entering through a small port into 
the central valve chamber and then surrounding the central 
port of the piston valve 7. Let the valve move upwards. 
It then uncovers the ports e’ and e. The water under pres- 
sure flows through ¢’ into the lower part of the cylinder; at 
the same time the water in the upper parts flows through ce 
into the hollow piston rod s and out at /. The resultant 
motion of the piston then returns the valve to the central 
position shown. If the valve descends, it admits the water 
into the port ¢ and allows the water in the lower half of the 
cylinder to escape through e’ into s’, which, through a 
by-pass port, communicates with s. This by-pass port, 
owing to the view taken, is not shown. The descent of the 
piston again returns the valve to its central position. 
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102. A damper regulator, like other automatic devices, 
needs intelligent supervision to have it work satisfactorily. 
The diaphragms will wear out in 
the course of time and need re- 
placing. Care should be taken in 
putting it up that everything 
works freely and that all con- 


nections are made as directed by 
the manufacturer. 


103. A damper regulator must 
not be expected to keep upa steady 
steam pressure without fire in the 
furnace: the fire should be care- 
fully tended to. It should always 
be remembered that while the 
damper regulator will regulate the 
air supply to the burning fuel, it 
will not put fuel into the furnace. 


104. Caution.—It is recom- 
mended that after shutting down 
the plant at night, the damper 
regulator be rendered inoperative. 
Instances are on record where 
failure to take this precaution 
resulted in running up the steam 
pressure to the blowing-off point 
during the night. Should the 
safety valve be out of order, all 


elements for a boiler explosion are 
present. If the regulator be left 
attached to the damper, the drop 
in the steam pressure due to 
banked fires will open the damper 
to its full extent and thus start the fires. To render the 
regulators inoperative, the steam may be shut off from it at 
night. It is considered good practice to also drain all water 
from it at night, especially in winter. 
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COMBUSTION. 


THEORY OF COMBUSTION. 


LAWS OF CHEMICAL COMBINATIONS, 

1. lements and Compounds. — Every body, every 
mass of matter is either an clement, a compound, or a mix- 
ture. Iron, silver, sulphur, and oxygen are elements; 
water, wood, lime, and carbonic acid are compounds. 


2. A compound may be decomposed or divided into sep- 
arate substances. For example, if an electric current is 
passed through water, the water slowly disappears and two 
gases are formed. These gases are entirely unlike and 
neither resembles the water from which it is produced. 
Likewise, lime can be divided into two other substances— 
calcium and oxygen. Any substance that can thus be 
decomposed or divided into other substances 1s called a 


compound, 


3. There are substances, however, that have never been 
decomposed into other substances. By no known process 
can sulphur be separated into other substances; likewise, 
iron, gold, arsenic, and many other substances. Substances 
that have never been decomposed are called elements. 

§ 15 
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The elements that will be considered here are the 
following: 


Elements. Symbols. 
Fly Giogien ne.c¢c ar ete eo ate nals AIOE te 
ORV OOM aie Catlett eee rere rerio! ay 
Nitrogen 2 “245. AN ae RUT RG igre rae eae N 
Caro jem cae A oodhe ERR d Fae e ec ee oh 
PU DINGI o esaate st ates 6 eed Sov eens Shen eet eae or 3) 


In referring to an element it is customary to simply use 
the symbol, which is usually the first letter of the name. 
Thus, stands for hydrogen, C for carbon, etc. 


4, Chemical Combination.—When two or more ele- 
ments are brought into contact under favorable circum- 
stances, they will combine and form a new substance that 
is unlike either of the elements. Of course, the new sub- 
stance will be acompound. Thus, if carbon and oxygen are 
brought together at a high temperature, they will combine 
and form carbon dioxide. Hydrogen and oxygen combine 
to form water. Hydrogen, nitrogen, and oxygen, when 
combined in certain proportions, form nitric acid. A given 
volume of nitrogen and three times that volume of hydrogen 
combine and form ammonia 


a gas that differs greatly 
from both nitrogen and hydrogen. 


5. It is supposed that each molecule of an element, 
such as hydrogen or oxygen, 1s composed of two atoms. It 
is further supposed by chemists that at a given pressure 
and temperature equal volumes of all gases, whether simple 
or compound, contain the same number of molecules. Thus, 
a cubic foot of hydrogen, a cubic foot of air, a cubic foot of 
steam, all contain the same number of molecules at the same 
temperature and pressure. 

Suppose, now, that acubic foot of hydrogen gas is allowed 
to come into contact with a cubic foot of chlorine gas 
(symbol, C7). The mixture is exposed to heat or light and 
the gases combine. The process of combination is explained 
as follows: ‘There is a certain attraction or affinity between 
the hydrogen atoms and the chlorine atoms. Under the 
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influence of heat or light this attraction becomes so strong 
that the two atoms composing the molecule of hydrogen are 
torn apart. Likewise, the atoms composing a molecule of 
chlorine separate. Each atom of chlorine seizes upon an 
atom of hydrogen and forms a molecule of an entirely new 
gas; viz., hydrochloric-acid gas. Since each atom of chlorine 
takes one atom of hydrogen, it is plain that the number of 
molecules of each gas must be the same. In other words, 
1 cubic foot of chlorine requires 1 cubic foot of hydrogen to 
combine with it; these gases cannot be made to combine in 
any other proportion. For example, if 3 cubic feet of chlo- 
rine were placed in contact with 2 cubic feet of hydrogen, 
4 cubic feet of hydrochloric-acid gas would be formed, and 
the extra cubic foot of chlorine would still remain chlorine. 
The symbol for hydrochloric-acid gas is C7. 

Suppose, now, that hydrogen and oxygen are placed in 
contact and heated, They will combine and form steam (or 
water); but it will be found that each atom of oxygen 
seizes 2 atoms of hydrogen to form a molecule of water, 
and therefore the volume of hydrogen must be double the 
volume of the oxygen with which it combines. This is 
shown by the symbol for water, which is 7,0; that is, a 
molecule of water is composed of 2 atoms of hydrogen to 
1 of oxygen. Similarly, the symbol for ammonia is V//,; 
that is, 3 atoms of hydrogen to 1 of nitrogen. Again, 
hydrogen and carbon form a compound; each atom of car- 
bon seizes 4 atoms of hydrogen and forms a molecule of 
marsh gas. The symbol for marsh gas is, therefore, C/,. 


6. The symbol of any compound indicates how the atoms 
of the elements combine to form the compound. ‘Thus, the 
symbol for water, /7,0, shows that 2 atoms of hydrogen 
and 1 of oxygen unite to form a molecule of water. The 
symbol H,SO, (sulphuric acid) shows that 1 molecule of the 
sulphuric acid contains 2 atoms of hydrogen, 1 of sulphur, 
and 4 of oxygen. 


%. Combination by Weight.—One cubic foot of hydro- 
gen combines with just 1 cubic foot of chlorine. But upon 
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weighing each gas it is found that the cubic foot of chlorine 
weighs 35.5 times as much as the cubic foot of hydrogen. 
A cubic foot of oxygen weighs 16 times as much as a cubic 
foot of hydrogen. 

It has been stated that at a given pressure and tempera- 
ature equal volumes of gases contain the same number of 
molecules. Therefore, 1 cubic foot of oxygen must contain 
the same number of atoms as 1 cubic foot of hydrogen. 
Now, since the former weighs 16 timesas much as the latter, 
it follows that an atom of oxygen weighs 16 times as much 
as an atom of hydrogen. Similarly, an atom of chlorine 
weighs 35.5 times as much as an atom of hydrogen. This 
ratio between the weight of an atom of any element and 
the weight of an atom of hydrogen is called the atomic 
weight of the element. The atomic weight of any element 
(or compound) may be found by dividing the weight of a 
given volume, say 1 cubic foot of the element when in a 
gaseous state, by the weight of 1 cubic foot of hydrogen 
when both are at the same temperature and pressure. The 
atomic weight is, therefore, much the same thing as specific 
gravity, except that the weight of hydrogen is used as the 
standard of comparison instead of the weight of water. 


8. The atomic weights of the elements named above are 
as follows: 


TARO MERE pin ola: ores ares ete eer iE 
CO VCHE Css ake eee ee Ure re 16 
NetroseniOV)ins. oat aera eae eae wee 
Carbon (1G) wivay doses tae terol pee eee 12 
tO RU C5 .)G ape ge eee, ee chase 


By the aid of these atomic weights, the composition of any 
substance by weight can be found when its symbol is known. 
Take water, symbol 4,0; that is, there are 2 atoms of 
ff to 1 of O. Multiply the number of atoms of each by 
the atomic weight of the atom. Thus, 

2X 1= 2 parts by weight of hydrogen. 
1 X 16 = 16 parts by weight of oxygen. 


18 parts by weight of water. 
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Then the water is composed of ~,= 11.11 per cent. of 
hydrogen and 4§ = 88.89 per cent. of oxygen. 
As another example, take carbon dioxide, CO,. We have 


latom of C x atomic weight, 12 = 12 parts by weight of C. 
2 atoms of O xX atomic weight, 16 = 32 parts by weight of O. 


Ad parts by weight of CO, 


4 
2.73 per cent. oxygen. From these examples, it is plain 
that the atomic weight of water is 18 and of carbon dioxide 44. 


Hence, CO, contains 12 = 27.27 per cent. carbon, and 32 
Ws) 
is 


9. Mixtures.—Two or more substances, either elements 
or compounds, may be mixed together and yet not combined 
to form a new substance. They are then said to form a 
mixture. The mixture has the properties of the substances 
composing it. The most familiar example of a mixture is 
ordinary air. It iscomposed of oxygen and nitrogen, 23 parts 
by weight of the former to 77 parts by weight of the latter. 
The two gases are not combined chemically; they are simply 
mixed. 


ELEMENTS OF COMBUSTION. 


10. Combustion zs a very rapid chemical combination, 
The atoms of some of the elements havea very great affinity 
or attraction for those of other elements, and when they 
combine they rush together with such rapidity and force 
that heat and light are produced. Oxygen, for example, 
has a great attraction for nearly all the other elements. An 
atom of oxygen is ready to combine with almost any sub- 
stance with which it comes into contact. For carbon, 
oxygen has a particular liking, and whenever these two 
elements come into contact at a sufficiently high temperature, 
they combine with great rapidity. The combustion of coal 
in the furnace of a boiler is of this nature. The tempera- 
ture of the furnace is raised by kindling the fire, and then 
the carbon of the coal begins to combine with oxygen taken 
from the air. The combination is so rapid and violent that 
a great quantity of heat is given out. 
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The elements that enter into combustion are oxygen, and, 
usually, either carbon or hydrogen. Coal, wood, and other 
fuels are composed almost entirely of these three elements. 


Combustion ts, therefore, the rapid chemical combination of 
oxygen with either carbon or hydrogen, or both. 


41. We have seen that when carbon and oxygen com- 
bine they form CO,, or carbon dioxide; when hydrogen and 
oxygen combine they form water, /7,0. These are called 
the products of combustion. | When, as is ordinarily the 
case, the oxygen is obtained from the air, the nitrogen of 
the air passes into the furnace with the oxygen. It takesno 
part in the combustion, but passes through the furnace and 
up the chimney with the CO, without any change in its 
nature; it is, however, usually called a product of com- 
bustion in air. 


12. Weight of Air Required for Combustion.—It was 
shown that CO, is composed by weight of 12 parts of carbon 
and 32 parts of oxygen. Hence, toburna pound of carbon 
requires 33 = 22 pounds of oxygen. If the oxygen is taken 
from the air, it will take 22 + .283=11.6 pounds of air to 
supply the 2% pounds of oxygen. This is because only 
23 per cent. of air is oxygen. The combustion of a pound 
of carbon may be represented as follows: 


Elements. Products. 
i! pound carbon... 1 potindrearboms. 2.) 4 a5 
2.67 Pe pa - 3.67 pounds CO, 
11.6 pounds air Dee ee ie eee 
{ 8.93 pounds nitrogen.. 8.93 pounds nitrogen 
12.6 12.6 12.6 


That is, 1 pound of carbon requires 11.6 pounds of air 
for complete combustion. Of this air, 2.67 pounds is 
oxygen, which combines with the pound of carbon, forming 
3.67 pounds of carbon dioxide. The 8.93 pounds of nitrogen’ 
contained in the air pass off with the CO, as a product of 
combustion. ‘ 

Take, next, the complete combustion of 1 pound of hydro- 
gen. The product of the combustion is water, TO ae 
has been shown that //,O is composed by weight of 2 parts 
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hydrogen to 16 partsoxygen. Hence, 1 pound of /7 requires 
i$ = 8 pounds of O to unite with it. The air required to 
furnish 8 pounds of Ois 8 + .23 = 34.8 pounds. The process 
of combustion is, therefore, as follows: 


Elements. Products. 
1 pound hydrogen.. 1 pound hydrogen.. ) 
{ 8 pounds oxygen...} 
126.8 pounds nitrogen,. 26.8 pounds nitrogen 


9 pounds water (//,0) 
34.8 pounds air..... 


35.8 30.8 30.8 


13. There is one other case that may occur; the com- 
bustion of carbon may not be complete. If insufficient air 
or oxygen is supplied to the burning carbon, it is possible 
for the carbon and oxygen to form another gas, carbon 
monoxide, or CO, instead of carbon dioxide, CQ,,. 

The combustion of 1 pound of carbon to form CO, of 
course, requires only one-half the oxygen that would be nec- 
essary to form CO, This is because in CO gas 1 atom of 
carbon seizes 1 atom of oxygen instead of 2. To burn 
I pound of carbon to CO. requires 11.6 pounds of air, 
To burn it to C O would, therefore, require but 5.8 pounds 
of air. 


14, The quantities of air required for combustion are 
shown in the following scheme: 


Product of 
Combustion. 


4 : Water, 
ivdrogen..... 84.8 1b. or257 cu. ft. Niosen: 


Carbon burned j Carbon dioxide. 
: Han lp Teel, ee : 
es Of OU ee Bry pete ( Nitrogen. 


Carbon burned ; Carbon monoxide. 
b.S ib, or Ferct. tt. a 
iC 0) aaa ege | Nitrogen. 


15. The fuels in common use are composed chiefly of 
carbon with sometimes a small percentage of hydrogen, 


1 Pound. Air at 62°, 


oxygen, and incombustible matter, called ask. When the 
percentages of carbon and hydrogen are known, the air 
required for the combustion of 1 pound of the fuel is easily 
found. For example. suppose a certain coal is 90 per cent 


H. S. I1I.—16 
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carbon and 10 per cent. hydrogen. To burn the carbon 
requires: 152% 9%, = 186:8 cubic fect of air; to burn the 
hydrogen requires 457 x 74% = 45.7 cubic feet of air. 
Hence, to burn 1 pound of the fuel requires 136.8 -+ 45.7 
= 182.5 cubic feet of air. 


Rule 1.—T7o find the air required to burn a given fuel: 
To the carbon contained in the fucl add 8 times the hydrogen, 
multiply the sum by 1.62, and the result will be the air 
required, in cubic feet, at a temperature of 62° fF. 


Let A be the number of cubic feet of air required for the 
combustion of a given fuel; let C be the percentage of 
carbon and // the percentage of hydrogen, both being 
expressed as so many parts in 100. 


G HT 
hen A =152 x —-~+ 457 x — 
oe apo. Ae 
or A= W52 (C300) Meany, 
EXxAMPLE.—The composition of a certain kind of coal is as follows: 
CATIONS oust scistste teary ccotete tiausteke ci cast gt ive 84 parts. 
EL, COW SIN oer aye eros etere s¥arsve, stevelersiene en catenel tates 5 parts. 
ORV MEM ss mmlaciernei aren siela rete savistatelevayetsls 7 parts. 
ASM sascnsnsrwevesets roke stele eineisleler sais aay inereivee 4 parts. 
100 


Find the quantity of air required to completely burn 1 pound of 
this fuel. 


SOLUTION.—According to rule 1, 


A = 1.02 (84 + 3X 5) = 150.48 cu. ft. Ans, 


When the fuel already contains oxygen, a little less air is 
required to burn it; if it contains sulphur, a little more air 
will be required than given by the above rule. In either 
case the difference is very slight. It will be found that 
1 pound of coal requires practically the same amount of air, 
whether it be anthracite or bituminous. Roughly speaking, 
it requires about 12 pounds, or 160 cubic feet, of air to burn 
L pound of carbon or coal. If less air is supplied, the com- 


bustion is imperfect; that is, the carbon burns to CO 
instead of CO,,. 
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16. Weat of Combustion.—The quantities of heat 
produced by the complete combustion of the elements com- 
posing the fuels have been found by experiment. They are 
as follows: 


Bly aropene |. kwac. «. « 62,000 5, 2. U, perpound: 
Carbon burned to CO,. 14,600 B. T. U. per pound. 
Carbon burned toCO. 4,400 B. T. U. per pound. 


Rule 2.—7o find the heat of combustion of 1 pound of fucl, 
multiply the percentage of carbon by 146 and the percentage 
of hydrogen by 620. Add the products and the sum will be 
the required heat of combustion in B. T. U. 


Let 4 represent the B. T. U. produced by the combustion 
of a fuel; let C and A represent, respectively, the percent- 
ages of carbonand hydrogen composing the fuel expressed 
as parts in 100. 


CG IT 
Then, B = 14,600 x — + 62,000 x — 
; ; eae he ons 
or B= 146 C+ 6204. 
ExampPLe.—A variety of coal has the following composition: 
OHH al ONCOL nena cs rucnoleg ORC CRIED EER OR eC 76.5 parts. 
FAUT OSTA ered genccevetore exe (ere ale erates Fekete ae vase 4.4 parts. 
ORs SiS wey yraseetstsctatststecsilavsisysinrsiseceus Saree 3.0 parts. 
INGIIN@ Steins aera tatebes 18s ates Stace ee oe cases 1.1 parts. 
CASI Nstec ude talatetcfoses ne tecetale PIA a pares MAT 15.0 parts. 


100.0 
How many B. T. U. will be produced by the combustion of 1 pound 
of this coal ? 
SoLuTion.—According to rule 2, 


B= 146 x 76.5 + 620 x 4.4 = 13,897 B. T. U. Ans. 


From the Steam Table it is found that to change 1 pound 
of water at 212° into steam at 212° requires 966+ B. T. U.; 
hence: 

Rule 3.—7o find the number of pounds of water at 212° 
evaporated by 1 pound of fuel, divide the heat of combustion 
of the fuel by 966. 
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ExampLe.—How many pounds of water at 212° can be evaporated 
by 1 pound of the coal of the last example ? 


SoLuTIon.—The heat of combustion is 13,897 B. T. U. 
13,897 + 966 = 14.38 lb. Ans. 


1%. Temperature of Combustion.—The theoretical 
temperature of the combustion of a given fuel can be easily 
calculated. Making no allowance for losses of heat and 
supposing that just enough air is furnished for the combus- 
tion, burning carbon should have a temperature about 
4,940° above zero; burning hydrogen should have a tem- 
perature of about 5,800° above zero. In practice, these 
temperatures are never attained on account of the losses of 
heat. Usually, the quantity of air admitted to the furnace 
is from 50 to 100 per cent. more than is theoretically nec- 
essary for the combustion. This extra quantity of air 
enters at a temperature of 60° or 70°, and escapes up the 
chimney at a temperature of from 400° to 600°. <A large 
quantity of heat is thus wasted and the temperature of the 
fire is greatly lowered. Where the fire is outside the boiler 
and the furnace is surrounded by brickwork, the furnace 
temperature may be 2,500° or 3,000°; but when the furnace 
is inside the boiler and is surrounded on all sides by water, 
the temperature rarely rises above 2,000° and is usually less. 
A high temperature is desirable, since the water of the boiler 
will take up heat much faster at high temperatures than at 
low temperatures; combustion is also more perfect at high 
temperatures. 


EXAMPLES FOR PRACTICE. 


1. How many pounds of air will be required for the perfect 
combustion of 7 pounds of carbon ? Ans. 81.2 Ib. 
2. A fuel is 88 per cent. carbon and 12 per cent. hydrogen. How 
many cubic feet of air are required for complete combustion of 1 pound 


of the fuel ? Ans. 188.48 cu. ft. 
8. (a) How many B. T. U. would the combustion of the pound of 
fuel of example 2 give out? (4) How many pounds of water at 212° 
would 1 pound of this fuel evaporate ? $(@) 20,288 B. T. U: 
Ans. 
{((2) 21 1b, 
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4. The chemical symbol of the product of combustion of sulphur 
with oxygen is SO, (sulphurous oxide). What is the composition of 
{ Sulphur 502. 
" ] Oxygen 504. 


this gas by weight ? 
Ans 


5. Assume that, with ordinary draft, double the theoretical quantity 
of air is used to burna fuel. Under these circumstances, how many 
cubic feet of air would be required to burn 115 pounds of coal, the 
chemical composition being //, 5 parts; C, 90 parts; O, 8 parts; and 
ash, 2 parts; total, 100 parts. Ans. 36,708 cu. ft. 


FUELS. 


FUELS USED IN STEAM MAKING. 


18. Introduction.—The fuels used in the generation of 
steam are chiefly coal, coke, wood, the mineral oils (such as 
petroleum), and natural gas. Other fuels, suchas the waste 
gases from blast furnaces, straw, bagasse (refuse from sugar 
cane), dried tan bark, green slabs, sawdust, peat, etc. are 
also used. All these fuels are composed either of carbon 
alone or carbon in combination with hydrogen, oxygen, and 


non-combustible substances. 


CLASSIFICATION OF COAL, 

19. Leading Varieties.—A prominent authority, Mr. 
William Kent, divides coal into four leading varieties, as 
follows: 

1. Anthracite coal, which contains from 92.31 to 100 per 


cent. of fixed carbon and from 0 to 7.69 per cent. of volatile 
hydrocarbons. 
9. Semt-anthracite coal, which contains from 87.5 to 


92.31 per cent. of fixed carbon and from 17.69 to 12.5 per 
cent. of volatile hydrocarbons. 

3. Semt-bituminous coal, which contains from 75 to 87.5 
per cent. of fixed carbon and from 12.5 to 25 per cent. of 
volatile hydrocarbons. 


12 COMBUSTION, FIRING, AND DRAFT. §15 


4. Bituminous coal, which contains from 0 to 75 per cent. 
of fixed carbon and from 25 to 100 per cent. of volatile hydro- 
carbons. 


20. Anthracite coal is rather hard to ignite and 
requires a strong draft to burn it. It is quite hard and 
shiny; in color it is a grayish black. It burns with almost 
no smoke; this fact gives it a peculiar value in places where 
smoke is objectionable. 


21. Anthracite coal is known to the trade by different 
names, according to the size into which the lumps are 
broken. These names, with the generally accepted dimen- 
sions of the screens over and through which the lumps of 
coal will pass, are given in the following table: 

Culm passes through 53-inch round mesh. 

Rice passes over ;*,-inch mesh and through 3-inch square 
mesh. 

Buckwheat passes over 2-inch mesh and through ¢-inch 
square mesh. 

Pca passes over $-inch mesh and through #-inch square 
mesh. 

Chestnut passes over #-inch mesh and through 18-inch 
square mesh. 

Stove passes over 12-inch mesh and through 2-inch square 
mesh. 

/igg passes over 2-inch mesh and through 23-inch square 
mesh. 

Broken passes over 23-inch mesh and through 34-inch 
square mesh. 

Steamboat passes over 34-inch mesh and out of screen. 


Lump passes over bars set from 34 to 5 inches apart. 


22. Semi-anthracite coal kindles easily and burns more 


freely than the true anthracite coal. Hence, it is highly 
esteemed as a fuel. It crumbles readily and may be distin- 
guished from anthracite coal by the fact that when just 
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fractured it will soil the hand, while anthracite will not do 
so. It burns with very little smoke. Semi-anthracite coal 
is broken into different sizes for the market: these sizes are 
the same and are known by the same trade names as the 
corresponding sizes of anthracite coal. 


23. Semi-bituminous coal differs from semi-anthracite 
coal only in having a smaller percentage of fixed carbon and 
more volatile hydrocarbons. Its physical properties are 
practically the same, and since it burns without the smoke 
and soot emitted by bituminous coal, it is a valuable steam 
iigie ly 


24. Bituminous coal may be broadly divided into three 
general classes: 

1. Caking Coal.—This name is given to coals that, when 
burned in the furnace, swell and fuse together, forming a 
spongy mass that may cover the whole surface of the grate. 
These coals are dithcult to burn, since the fusing prevents 
the air passing freely through the bed of burning fuel; when 
caking coals are burned, the spongy mass must be frequently 
broken up with the slice bar, in order to admit the air 
needed for its combustion. 

2. Free Burning Coal.—This is often called non-caking 
coal from the fact that it has no tendency to fuse together 
when burned in a furnace. 

3. Cannel Coal.—This is a grade of bituminous coal that 
is very richin hydrocarbons. The large percentage of vola- 
tile matter makes it valuable for gas making, but it is little 
used for the generation of steam, except near the places 
where it is mined. 


25. Bituminous and semi-bituminous coals are known to 
the trade by the following names: 

Lump coal, which includes all coal passing over screen bars 
14 inches apart. 

Nut coal, which passes over bars ? inch apart and through 
bars 14 inches apart. 
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Pea coal, which passes over bars $ inch apart and through 
bars ? inch apart. 

Slack, which includes all coal passing through bars % inch 
apart. 


26. WLignite, according to the classification, comes under 
the general head of bituminous coal. Properly speaking, it 
occupies a position between peat and bituminous coal, being 
probably of a later origin than the latter. It has an uneven 
fracture and a dull luster. Its value as a steam fuel is 
limited, since it will easily break in transportation. Expo- 
sure to the weather causes it to absorb moisture rapidly; it 
will then crumble quite readily. It is non-caking and yields 
but a moderate heat, and is in this respect inferior to even 
the poorer grades of bituminous coal. 


2%. Coke is made from bituminous coal by driving off 
its volatile constituents. It is used chiefly for metallurgical 
purposes, though it is a valuable fuel for steam purposes. 


28. Wood is much used in localities where it is abundant. 
The effective heating value of different kinds of wood differs 
but, very. litle. 


29. Bagasse is the refuse left after the juice has been 
extracted from the sugar cane by means of the mill rolls. 
It is used to some extent in tropical and semitropical coun- 
tries. Naturally, its use is limited to the places where the 
sugar cane is grown. 

Dried tan bark, straw, slabs, and sawdust being refuse, 
their use is local and usually confined to tanneries, planing 
and sawmills, and threshing outfits. 


30. Petroleum is occasionally used as a fuel and, as 
such, possesses some advantages, among which are the ease 
of lighting and controlling the fire, the uniformity of com- 
bustion, and the economy in labor. Its disadvantages are: 
danger of explosion, loss of fuel by evaporation, and high 
price in comparison with coal. The Standard Oil Company 


Bi 
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estimate that 173 gallons of petroleum is equal to 1 long 


ton (2,240 pounds) of coal, allowing for all savings inciden- 
tal to its use. 


31. Natural gas is abundant in parts of Ohio and Penn- 
sylvania, and is there often used as a fuel for the generation 
of steam. On an average, 30,000 cubic feet of natural gas 
is the equivalent of 1 ton of coal. 


3%. Waste gases from the furnaces of rolling mills and 
from blast furnaces are extensively used. Naturally, their 
use 1s limited to the places where they are produced. 


33. Peat may be classified as occupying an intermediate 
position between wood and coal. When first cut, it is totally 
unfit for fuel, since it containsfrom 75 to 80 per cent. of 
water. When dried, it makes a fairly good fuel. 

The Babcock and Wilcox Company state that on the aver- 
age 1 pound of good bituminous coal may be considered as 
the equivalent of 2 pounds of dry peat, 2} pounds of dry 
wood, 24 to 3 pounds of dry tan bark or sun-dried bagasse, 
3 pounds of cotton stalks, 3% pounds of straw, 6 pounds of 
wet bagasse, and from 6 to 8 pounds of wet tan bark. 


FIRING. 


SYSTEMS OF HAND FIRING. 


34, The style of firing to be adopted in any given case 
depends largely on the conditions present, such as the kind 
of fuel used, the intensity of the draft, the demand for 
steam, etc. 

There are three methods of hand firing, known as coking 
firing, spreading firing, and a/ternate firing, in common use. 
Each of these methods has advantages peculiar to itself, and 
none is applicable to all cases and all conditions, that is, if 
economy in the generation of steam is an object. 
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35. The coking system of firing is especially adapted to 
bituminous coals which are rich in volatile matter. The 
coal is first piled on the dead plate near the door and there 
allowed to coke. After coking from 20 to 30 minutes the 
hydrocarbons will have been driven off. The coke is then 
pushed toward the bridge and distributed evenly over the 
fire. A new charge of coal is immediately heaped upon the 
dead plate. 

This is one of the most economical methods of burning 
bituminous coal; if properly managed it will give excellent 
results in regard to the prevention of smoke. In order to 
get good results, the furnace door should be perforated and 
a suitable damper fitted for opening and closing the per- 
forations. The air admitted in jets through the openings 
mixes intimately with the gases formed; the mixture passes 
to the rear over the bed of burning coke on the grate, where 
the temperature is high enough to secure their ignition and 
complete the combustion before they are chilled by contact 
with the cold surfaces of the boiler and tubes. 


36. To secure success with this method, the coal should 
be charged in small quantities and allowed to remain on the 
dead plate until it is as thoroughly coked as possible; 
30 minutes will, in general, be sufficient. As a matter of 
course, actual trial in each and every case will have to deter- 
mine the proper length of time. Large lumps that will coke 
slowly must be broken up; if the coal cakes badly in coking, 
the crust thus formed must be broken with the slice bar from 
time to time, so as to secure the complete removal of the 
hydrocarbons. The size of the grate and the intensity of the 
draft should be such that the coke will be burned at as high a 
rate of combustion, per square foot of grate surface, as the 
conditions will permit. This results ina high furnace tem- 
perature that promotes complete combustion of the gases. 

Coking firing for stationary work is but little practiced in 
the United States, but is much used in marine work in all 
parts of the world and for stationary work in European 
countries. It is best adapted for cases where the demand 
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for steam is moderately regular, since with coking firing it 
is somewhat difficult to force the boiler when there is a sud- 
den heavy demand for steam. Coking firing should never 
be adopted for anthracite coal. 


37. The spreading system of firing consists of covering 
the whole of the grate evenly with the fresh charge of coal. 
It is the system in most common use. While good results 
can be obtained by it, if the firing is done by a skilled fire- 
man, it is not particularly to be recommended either for 
economical or for smokeless combustion. Best results will 
be obtained from the spreading system by firing light 
charges at frequent intervals. The habit that many unskilled 
firemen have of covering the incandescent coke on the grate 
with a thick layer of fresh coal naturally results in a low- 
ering of the furnace temperature far below the ignition point 
of the hydrocarbons driven off. In consequence, there is an 
enormous waste of heat, and, with bituminous coal, vast 
quantities of black smoke are produced. To prevent this 
heat loss, the firing mst be light and frequent. The 
spreading system is best adapted to anthracite coal in sizes 
larger than pea coal. 


38. In the alternate system of firing, the coal is thrown 
alternately on each side of the furnace; at one firing one 
side of the grate is spread with coal, and at the next firing 
the other side receives the charge. This method is prefer- 
able to the spreading system in that the whole of the furnace 
is not cooled off at once by the fresh fuel. While it keeps a 
bright bed of fuel in at least one side of the furnace and tends 
to keep the average temperature of the furnace nearly con- 
stant, it cannot be recommended as being the best method 
for securing complete combustion of the hydrocarbons that 
form a valuable constituent of bituminous coal. The gases 
from the freshly fired coal, instead of being passed over the 
bright bed of fuel on the other side of the furnace, are likely 
to pass directly to the chimney without being sufficiently 
heated to secure their ignition and complete combustion. 
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For both bituminous and anthracite coals, it is preferable to 
the spreading system, however, since gas explosions in the 
furnace are not as likely to occur as when the spreading system 
is used. 


39. Gas Explosions.—Explosions of the gases in the 
furnace, commonly called back draft, occur usually with 
small coaland are the result of careless firing. When the 
smaller sizes of anthracite or bituminous coal are burned 
with the spreading system, and when a heavy charge is put 
into the furnace, it is entirely feasible to obtain an explosive 
mixture of air and gas needing but a spark to ignite it. 
Owing to the interstices between the pieces of coal being 
small and tortuous with the smaller coals, the hydrocarbons 
driven off from the heavy charge are not ignited as rapidly 
as formed and, hence, collect and mix with the air above the 
grate, forming an explosive mixture if the conditions are 
right. All danger of a gas explosion is obviated if the firing 
is done very lightly, or if the alternate system is adopted, 
or if some part of the fire is left uncovered when putting in 
fresh coal, thus igniting the hydrocarbons as quickly as they 
are distilled off. The smaller the sige of the coal\- the 
greater is the liability of a gas explosion with a heavy 
charge fired spreading. With coals of sizes larger than pea 
coal, there is httle danger of an explosion when fired spread- 
ing, except when fired thick instead of light. 


DRAFT. 


METHODS OF PRODUCING DRAFT. 


40. The air required by the furnace for the combustion 
of the fuel is supplied by the draft. There are two ways of 
making a draft: 

1. By means of a chimney. 


2. By means of a fan or blower. 


§ 15 COMBUSTION, FIRING, AND DRAFT, 19 


NATURAL DRAFT. 


41. Natural draft is produced by the difference between 
the weight of a column of hot gases contained within a chim- 
ney and the weight of the same bulk of cold air. It is well 
known that any gas, when heated, is lighter, bulk for bulk, 
than when cool. Now, when the hot gases pass into the 
chimney they have a temperature of 400° or 500°, while the 
air outside the chimney has a temperature of from 40° to 90°. 
Roughly speaking, the air weighs twice as much, bulk for 
bulk, as the hot gases. Naturally, then, the pressure in the 
chimney is alittle less than the pressure of the outside air. 
Consequently, the air will flow from the place of higher 
pressure to the place of lower pressure; that is, into the 
chimney through the furnace. 


42. Asan example, suppose that a chimney is 150 feet 
high and that the temperature of the hot gases is 500°. A 
column of gas at this temperature, 150 feet high, and of 
1 square foot cross-section, weighs about 64 pounds. A 
column of air at 60°, of the same length and cross-section, 
weighs about 11} pounds. Hence, the difference in pressure 
at the bottom of the chimney is 11} — 6} = 5 pounds per 
square foot. In other words, the pressure of the draft is 
5 pounds per square foot. 

It is customary to express the pressure of the draft in 
inches of water. It has been shown that the pressure of the 
atmosphere, 14.7 pounds per square inch, supports a column 
of water 34 feet high. 


Sk tt. oF water == 14.7 lbs per sq, in; 
of, 8412 = 408 in. of water = 14.7 Ib. per sq. in. ; 
= 27116..8 1b. per sa. it. 


4.7 


22 = ONG oy, ore Nala alin 6 
408 gee 


Therefore, 1 inch of water = 


2 3.8 : 
= es Ete =p. Quiles per sa. iit, 
408 
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43. The intensity of the draft is measured by means of 
a water gauge shown in Fig. 1. As will be seen, it is a 
glass tube open at both ends, bent to the shape 
of the letter U; the left leg communicates with 
the chimney. The air outside the chimney being 
heavier, it presses on the surface of the water in 
the right leg and forces some of it up the left leg; 
the difference in the two water levels //and Zin 
the legs represents the intensity of the draft 
and is expressed in inches of water. 

44, The draft pressure required depends on 
the kind of fuel used. Wood requires but little 
draft, say } inch or less; bituminous coal gen- 


erally requires less draft than anthracite. To 


burn anthracite, slack, or culm, the draft pres- 


sure should be 14 inches of water. 


The chimney is used both to create a draft 


BIG. ty 


and to carry off the obnoxious products of com- 
bustion, The draft produced by a chimney may vary from 
4 inch to 2 inches of water, depending on the temperature 
of the chimney gases and on the height of the chimney. 
Generally speaking, it is advantageous to use a high chimney 
and as low a temperature as possible for the gases. 


MECHANICAL DRAFT. 


45, Artificial draft is produced by means of fan blow- 
ers or steam jets. According to the manner in which it is 
applied, it is known as forced draft or induced draft. Ina 
forced-draft installation, the air is forced into the ash-pit by 
suitable means; in an induced-draft installation, a partial 
vacuum is created in the chimney. Both of these systems 
are in common use. 


46, Forced Draft.—For forcing air under pressure into 
the ash-pit, either a fan blower or steam jet may be used. 
A common construction of a fan blower is shown in Figs. 2 
and 3. The shell, or housing, is made of steel plate, with a 
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substantial base of cast iron or wrought iron. An outlet is 
placed at the desired point of the circumference, whence the 
air is discharged into the duct leading to the ash-pit. In 


Fic. 2. 


the fan shown in Fig. 2 there is one inlet, which has the fan 
shaft in its center and is onthe side farthest from the pulley 
and support. The fan shaft is supported in two bearings 
and carries the fan wheel within the casing. The usual con- 
struction of the fan wheel is shown in Fig. 3. Arms made of 
T iron are fastened to the hubs and carry at their ends the 
blades. These blades are tied together by the side plates. 
The fan is operated by a belt from an engine or may have 
an engine connected directly toit. The air discharged by 


FIG. 4. 


the fan may be introduced into the ash-pit through an open- 
ing in the bottom of the bridge wall, which is then built 
hollow, as shown in Fig. 4. The opening is closed by the 
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damper shown. This arrangement is recommended for a 
new boiler plant. When the fan draft is applied to an old 
plant, the air may be introduced in front through an open- 
ing in the bottom of the ash-pit, as shown in Fig. 5. When 


‘Cy 
Alli? iy! 
: ve ly f 


Ss ae Y ill : ll 
i. A W ye £ 


| 


EG; /b: 


che damper is closed, the ashes may be readily raked over it. 
The damper when opened serves to thoroughly distribute 
the air in the ash-pit. The ducts leading to the ash-pit may 
be underground, as shown in Fig. 6. ‘There is one duct 


along the front of the boilers, with one branch for each ash- 
pit. When a low first cost is essential, galvanized-iron pipes 
may be used for ducts, with the main pipe overhead anda 
branch pipe extending down to each boiler. While the 
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installation of a fan blower is more costly than that of a 
steam jet, it is much more economicai in running than the 
latter. 


47. A McClave argand steam blower for forcing air 
into the ash-pit is shown in Fig. 7. The blower consists of 
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a long air tube ¢ discharging from the end s below the grate. 
In the other end of the tube is placed a ring-shaped tube 7, 
perforated on the right with small holes. Steam from the 
boiler is led into the ring by the pipe / and escapes in jets 
through the perforations, carrying air along with it into the 
ash-pit. This method of producing a forced draft is exten- 
sively used in the coal regions for burning the finer grades 
of anthracite coal and for bituminous slack. 


48. Induced draft, or suction draft, as it is occasion- 
ally called, may be produced by a fan placed in the uptake. 
A typical induced-draft installation, in which the engine is 
connected direct to the fan, is shown in Fig. 8. 

The fan, when running, creates a partial vacuum in the 
uptake and furnace, thereby causing the outside air, under 
the influence of its greater pressure, to flow into the ash-pit. 
The fan may be placed directly over the boilers, as shown in 

HOR Te 17 
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Fig. 8, and discharge the gases into a short steel stack; or, 
it may be placed where most convenient. When applying 


Uptake Flue 
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induced-fan draft to an old plant using natural draft, the fan 
may be placed in connection with the smoke flue in sucha 
manner as to draw the gases from it and return them to it 
again at a point farther on, whence they pass to the existing 
chimney. Suitable dampers serve to switch off the fan and 
pass the gases directly through the flue when the fan is not 
in service. 

A vacuum may also be caused in the chimney by means of 
a steam jet; this is a method commonly adopted in loco- 
motives, in which the exhaust nozzle is placed in the stack, 
and the exhaust steam, by carrying with it the air in the 
stack, creates the draft. This method is seldom used in 
stationary practice. 


ADVANTAGES OF MECHANICAL DRAFT. 


49. Mechanical draft possesses certain advantages over 
natural draft which in many cases make it advisable to sub- 
stitute it for natural draft. These advantages are as follows: 


50, Adaptability.—Blowers may be applied under 
almost all circumstances and are independent of location. 
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They may be used to assist an existing chimney in order to 
help a plant weak in chimney power or primarily for the 
creation of draft. 


51. Ease of Control and Flexibility.—A fan may be 
automatically controlled to produce a very close approach to 
a uniform steam pressure by attaching an automatic damper 
regulator to the throttle valve of the engine. With natural 
draft, the intensity of the draft depends on the intensity of 
the fire, and is, therefore, least when the fire is low. With 
mechanical draft, however, the draft is independent of the 
condition of the fire, and, consequently, banked fires may be 
started up quickly. Furthermore, it can be readily adjusted 
for the combustion of different kinds of fuel and for widely 
varying combustion rates. Owing to the intensity of draft 
that may be created, not only can the low grades of coal be 
burned successfully, but, also, the amount of steam generated 
by each boiler may be greatly increased. 


52. Independence of Climatic Conditions.—As is well 
known, there is a decided difference in the intensity of the 
draft produced by a chimney in summer and that produced 
in winter time. Likewise, on damp and muggy days, the 
draft is lessened. But mechanical draft is entirely independ- 
ent of these conditions. 


53. Forced draft produced by a steam blower possesses 
the advantage of cheapness in first cost when applied to a 
few boilers. For a large installation its cost will probably 
exceed that of a fan-draft installation, since one steam blower 
will be required for each ash-pit. Furthermore, the steam 
consumption of the steam blower is quite high. It seems to 
be an advantage when used with coals that clinker badly, 
some engineers reporting that it greatly lessens the trouble 
from clinkers adhering to the firebrick lining of the furnace. 

The draft produced by a steam blower is as flexible and as 
easily adapted as fan draft. It is, however, difficult to 
regulate it automatically so as to get satisfactory results. 
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BOILER MATERIALS. 


1. The materials used in boiler construction are wrought 
tron, Steel, cast tron, and to some extent copper and its 
alloys. The qualities required of boiler material are: 
(1) Ductility, in order that it may undergo, without injury 
to its tensile strength, the various processes to which it 
must be subjected in being made up into boiler parts. 
(2) Tensile strength, to resist the stresses due to the steam 
pressure. (3) Toughness and elasticity. 


WROUGHT IRON. 


2. Wrought iron was, until a few years ago, almost 
the only material of which boiler shells, fireboxes, and tubes 
were made. The wrought iron used in the better grade of 
work is known commercially as C H No. 1 flange tron. 
This has a tensile strength of from 50,000 to 65,000 pounds 
per square inch and is quite homogeneous; that is, it has 
an even texture. This grade of iron is not very fibrous, 
does not blister nor crack much in the fire, stands repeated 
heating, and flanges well. When the iron is made to have 
the higher tensile strength, it is usually found to be obtained 
at the sacrifice of ductility. 


3. As a measure of ductility, good boiler iron should 
show an elongation of at least 20 per cent. in a length of 
8 inches, that is, when a bar 8 inches long is placed in a 
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testing machine, it should stretch 8 xX ~%; = 14% inches 
before breaking. Iron used for rivets should be of the 
very best quality; it should be soft and tough; the tensile 
strength should not exceed 50,000 pounds per square inch; 
and a good rivet should bend double while cold without 
fracture. 


STEEL. 


4, Steel is now rapidly supplanting iron as a_ boiler 
material. The steel used in boiler construction belongs to 
the class known as soft or mild steel and is nearly always 
made by the Siemens-Martin process, more commonly 


ce 


called the ‘‘open-hearth process.” It exceeds iron in ten- 
sile strength, thus permitting the use of thinner sheets; it 
is as ductile as and more homogeneous than iron, and by 
the modern processes it can be manufactured more cheaply 


than iron. 


TESTS. 


5. Methods of Testing.—The suitability of a given 
piece of material for boilermaking is determined by means 
of a number of tests, some of which are chemical and some 
physical. 

G6. The chemical test cr analysis shows whether the 
specimen contains the right proportions of the elements 
required to secure the strength and other useful properties 
called for by the conditions under which the material is to be 
used; it also shows whether the material is sufficiently free 
from the elements whose effect on the material has been 
shown by experience to be bad. For example, it has been 
found that a certain percentage of carbon in steel will 
secure a given degree of strength and hardness, while more 
than very small percentages of phosphorus and sulphur 
will render the metal useless—sulphur, because it makes 
the steel fof short, that is, brittle and difficult to work 
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when hot, and phosphorus, because it makes the steel co/d 
short, or brittle, when cold. 


%@. The physical tests to which steel and iron for boiler- 
making are subjected may be divided into two general 
classes, the tensile test and the bending test. 


8. For the tensile test, strips are cut from the plates 
as they come from the rolls, or pieces of the rolled rivet 
rods form the specimens on which tests are made. In order 
to secure uniform and reliable results, it is important to have 
the specimens prepared in a careful and uniform manner. 

Fig. 1 shows the form and general dimensions of the 
specimens for tests of plate that are prescribed by the 
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FIG. 1. 


‘Manufacturers’ Standard Specifications.” Thestrip from 
which the specimen is prepared is cut froma part of the 
plate that will show a good sample of its general quality 
and the specimen is carefully given the form shown, either by 
planing or milling the edges. The specimen is divided 
along its length for a distance of 8 inches into spaces 
1 inch long, the division marks being made by a very light 
center-punch mark. 

The test consists of gripping the ends of the specimen in 
a machine called a /festing machine and pulling it until it 
breaks. The machine weighs the pull, and by this means 
the amount of pull or the /oad required to break the speci- 
men is determined. During the process of pulling, obser- 
vations are also made for determining the elastic lmit, 
that is, the load at which the specimen begins to have a 
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permanent set. Since the exact determination of the elastic 
limit requires very careful and delicate measurements of the 
length of the specimen as it stretches with an increase ot 
load, the yield point, that is, the load under which the 
specimen begins to change in length rapidly without a cor- 
responding increase in the load, is often accepted as the 
elastic limit. 

During the process of pulling, the specimen stretches 
considerably before it breaks. The amount of this stretch 
is determined by placing the broken ends together and 
measuring the distance between two of the punch marks. 
If the two marks were 8 inches apart before the piece was 
pulled and after breaking they are found to be 10 inches 
apart, the specimen has stretched 2 inches, or 25 per cent., 
in the original 8 in¢hes, The amount of stretch, or the 
elongation, as determined in this way, is a valuable indica- 
tion of the ductility of the material and its ability to with- 
stand sudden shocks and such processes as flanging with- 
out serious injury. 

At the point of fracture the specimen draws down, so 
that its sectional area is considerably less than the sectional 
area before being pulled. The reduced area is sometimes 
carefully measured and compared with the area before pull- 
ing; this determines what is known as the reduction im 
area, which is also a useful indication of the ductility of the 
material. 


9, The bending test for steel boiler plate or rivets con- 
sists in bending a specimen double and closing it down tight. 
Two bending tests are oftem prescribed. In one, the speci- 
men is bent cold without any treatment after it comes from 
the rolls. In the other, the specimen is heated to a bright 
red and then quenched, or suddenly cooled, in water having 
a temperature of about 80°. The former is called a cold 
bend and the latter a quench bend. A good quality of steel 
for boiler plates or rivets should bend flat on itself, either 
cold or quenched, without any indication of cracking on the 
outside of the bend. 
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10. Coupons.—In some cases, the plates to be used for 
boilermaking are not sheared to the exact size required at 
the mills, but are furnished to the boilermaker with a strip 
which can be cut from the plate and tested at the boiler 
shop. In this way, the user of the plate can satisfy himself 
that the quality of the plate conforms to the specifications. 
The strip that is to be cut-from the plate for testing is 
called a coupon. 


11. Stamping. — Many specifications require boiler 
plates to be stamped with the name of the maker of the 
plate and its tensile strength in pounds per square inch. 
This stamp should be on a part of the sheet that will enable 
it to be readily seen after the boiler is made. The United 
States laws governing the construction and inspection of 
marine boilers specify that every iron or steel plate intended 
for the construction of boilers to be used on steam vessels 
shall be stamped by the manufacturer in the following 
manner: ‘‘ At the diagonal corners, at a distance of about 
4 inches from the edges and at or near the center of the 
plate, with the name of the manufacturer, the place where 
manufactured, and the number of pounds tensile strain it 
will bear to the sectional square inch. Provided, however, 
that where butt straps are used, the stamps in corners shall 
be extended toa distance not to exceed 8 inches from the 
edges.” 


SPECIFICATIONS FOR BOILER STEEL. 


, 


12. The ‘Manufacturers’ Standard Specifications’ 
divide boiler steel made by the open-hearth process into 
four grades, assigning to each grade certain physical and 
chemical properties. 

1. £xtra-Soft Stcel.—This steel has an ultimate tensile 
strength of 45,000 to 55,000 pounds per square inch; an 
elastic limit of not less than one-half the tensile strength; 
and an elongation of 28 per cent. in 8 inches. Either cold 
or quenched, it must stand a bending of 180° flat on itself 
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without showing any fracture on the outside of the bent 
portion. Not more than .04 per cent. of phosphorus and 
.04 per cent. of sulphur must be contained in the steel. 

2. Firebox Stecl_—The ultimate tensile strength ranges 
between 52,000 and 62,000 pounds per square inch; it must 
have an elastic limit of not less than one-half the ultimate 
tensile strength and an elongation of 26 per cent. in 
8 inches. It must stand the same bending test as the extra- 
soft steel. As implied by the name, this grade of steel is 
especially made for fireboxes. The chemical properties pre- 
scribed are that the percentage of phosphorus must not 
exceed .04 per cent., nor must there be more than .04 per 
cent. of sulphur. 

3. Flange Stecl or Bowler Steel.—The ultimate tensile 
strength and the elastic limit are the same as that of firebox 
steel, but the elongation required is slightly less, being 
25 per cent. in 8 inches. It must not contain more than 
.06 per cent. of phosphorus and .04 per cent. of sulphur. 
It must also stand: the same bending test as the other 
grades. Flange steel is used for boiler shells and boiler 
heads. 


4. Rivet Stee/.—This grade of steel must conform to all 
the requirements given for extra-soft steel. 


13. The specifications adopted by the American Boiler 
Manufacturers’ Association in 1898 provide for the foilowing 
physical and chemical properties of steel: 

1. Shell plates mot exposed to the direct heat of the 
fire or gases of combustion, as the external shells of inter- 
nally fired boilers, may have from 65,000 to 70,000 pounds 
tensile strength; elongation not less than 24 per cent. in 
8 inches; phosphorus not over .0385 per cent.; sulphur not 
over .035 per cent. 

2. Shell plates in any way exposed to the direct heat of 
the fire or the gases of combustion, as the external shells or 
heads of externally fired boilers, or plates on which any 
flanging is to be done, to have from 60,000 to 65,000 pounds 
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tensile strength; elongation not less than 27 per cent. in 
8 inches; phosphorus not over .03 per cent.; sulphur not 
over .025 per cent. 
3. Firebox plates, or such plates as are exposed to the 
direct heat of the fire, or flanged on the greater portion of 
their periphery, to have 55,000 to 62,000 pounds tensile 
strength; elongation 30 per cent. in 8 inches; phosphorus 
not over .03 per cent.; sulphur not over .025 per cent. 

For all plates, the elastic limit to be at least one-half of 


the ultimate tensile strength. 

4. Bending Test.—Steel up to 4 inch in thickness must 
stand bending double and being hammered down on itself; 
above that thickness it must bend around a mandrel having 


a diameter equal to one and one-half times the thickness of 
plate and down 180° without showing signs of distress. 

>. kivets must be of rood charcoal iron, of of a soft, 
mild steel, having the same physical and chemical proper- 
ties as firebox plates. 

6. Boiler tubes to be of charcoal iron or mild steel, lap- 
welded or drawn; to be round, straight, free from scales, 
blisters, and mechanical defects; each tube to be tested to 
500 pounds internal hydrostatic pressure. All tubes must 
stand hammering down flat and expanding, as well as flan- 
ging over, without flaws, cracks, or opening of the weld. 

”. Braces, stays, and staybolts to be made of iron or 
mild steel, iron to havea tensile strength of not less than 
46,000 pounds and an elastic limit of not less than 
26,000 pounds; elongation not less than 22 per cent. for 
bolts of less than 1 square inch area, nor less than 20 per 
cent. for bolts of 1 square inch area or more, in a length of 
8 inches. Steel to have a tensile strength not less than 
55,000 pounds; an elastic limit of not less than 33,000 pounds; 
an elongation of not less than 25 per cent. for bolts of less 
than 1 square inch in area, nor less than 22 per cent. for 
bolts 1 square inch or more in area. 

8. The material for staybolts must stand the following 
bending test: a bar threaded with a sharp die having a 
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V thread with rounded edges must bend cold 180° around a 
bar of same diameter without showing any cracks or flaws. 
The material for stays and braces must be fully equal to 
staybolt stock. 


SPECIAL BOILER MATERIALS. 


14. Cast iron is used only in sectional boilers like the 
Harrison, and in these cases steel castings are often substi- 
tuted for it. Cast iron has some advantages as a boiler 
material. Itis cheap, durable, and will withstand corrosion 
better than wrought iron or steel. Its brittle and treach- 
erous nature, however, prevents its use in high-pressure 
boilers, except for mountings and settings. Sometimes, 
however, the ends or heads of plain cylindrical and flue 
boilers are made of heavy plates of cast iron. 

15. Copper is used in England for locomotive fireboxes 
and staybolts. Iron and steel are used for that purpose in 
the United States. 


16. Brass was formerly used in the construction of 
tubes. At present, it 1s used only in the construction of 
some of the fittings. 


DESIGN OF RIVETED JOINTS. 


EFFICIENCY OF JOINTS. 


1%. Explanation of Efficiency.—When designing a riv- 
eted joint, it should be the aim of the designer to distribute 
and proportion the rivets in such a manner that the strength 
of the joint will be as nearly equal to the strength of the 
solid plate as is practicable. 

The ratio between the strength of the plate and the 
strength of the joint is called the efficiency of the joint, 
and is commonly expressed as a percentage of the strength 
of the solid plate. 
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18. When calculating the efficiency of a joint, it is cus- 
tomary to consider the plate as being divided into a number 
of equal strips at a right angle to the joint. Conceiving the 
riveting to be divided into equal groups, the width of the 
equal strips is to be such as to enclose one group of rivets. 

In Fig. 2, the lines 4d 6 and C PD indicate the width of the 
strip containing a group of rivets. For single-riveted, 


FIG. 2. 


double zigzag-riveted, and double chain-riveted lap joints 
and butt joints, and triple-riveted lap joints, the width of 
the strip will be equal to the pitch of the rivets. Ina 
triple-riveted butt joint, with two cover-plates and every 
alternate rivet left out in the outer row, as shown in 
Fig. 2 (4), the width of the strip is to be taken as being 
equal to the pitch of the rivets in the outside row. 

In order to determine the efficiency of the joint, its 
resistance must be computed for each of the different ways 
in which it may fail. Then, if 100 times the lowest resist- 
ance of the several parts of the joint be divided by the 
resistance of the solid plate, the efficiency of the joint 
expressed in per cent. will be obtained. 
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19. Failures of Riveted Joints.—A riveted joint may 
fail in one of several ways. (1) The plate may break along 
the rivet holes, as shown at a in Fig. 3. This shows the 


FIG, 3. 


rivets to be stronger than the plate. (2) The rivets may 
shear off, as shown at 6. This indicates that the plate is 
stronger than the rivet. (3) The plate in front of the rivet 
may shear out, as shown atc. (4) The plate may crush in 
front of the rivet. Experiments show that when the differ- 
ent kinds of joints fail by breakage of the plates, this break- 
age occurs most often in the manner shown in Fig. 2; that 
is, along the line aa through the rivet holes. It is evident 
that the rivet hole has the effect of reducing the area of the 
section of the strip by an amount equal to its diameter mul- 
tiplied by the thickness of the plate. The difference between 
the original cross-sectional area of the strip and the product 
obtained by multiplying the diameter of the rivet hole by 
the thickness of the plate is the zet area or the net section of 
the strip. 


20. Computing the Resistance.—Double zigzag-riv- 
eted joints have been known to fail along lines drawn from 
the center of one rivet in one row to the center of the next 
rivet in the adjacent row. With the rivet spacing ordi- 
narily used, the liability of the joint to fail in this manner 
is small; and as it isa rather difficult matter to calculate the 
resistance to failure along these diagonal lines, it is custom- 
ary to disregard it and calculate the resistance of zigzag- 
riveted joints on the assumption that failure will take place 
along the line aa, Fig. 2. 
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Let A =resistance of solid strip to a tensile stress; 


*, = resistance of net section of strip to a tensile 
stress; 

R, = total resistance of rivets in strip to shearing 
SURESSi: 

¢ = thickness of strip in inches; 


w = width of strip; 

NV = number of rivets resisting shear; 

@ = diameter of rivet hole; 

po. = pitehsof rivets; 

7 = ultimate tensile strength per square inch of 


section ; 
S = ultimate shearing strength per square inch of 
section. 


The resistance of the solid strip to a tensile stress is given 
by the following rule: 


Rule 1.—Multiply the ultimate tensile strength per square 
tnch of the material by the thickness of the plate and the 
width of the strip. 


Or IS ow. 


’ 


The resistance of the net section of the plate to a tensile 
stress is given by the following rule: 


Rule 2.—From the width of the strip subtract the diam- 
eter of the rivet hole. Multiply the remainder by the thick- 
ness of the plate and its ultimate tensile strength in pounds 
per square inch. 


Or; A, a(w=7a)4 T. 


21. When the joint is subjected to a tensile stress, there 
will be a tendency to shear the rivets. In lap joints and 
butt joints with single cover-plates, the rivets are in single 
shear; in butt joints with double cover-plates, in double 
shear. In triple-riveted butt joints designed as shown in 
Fig. 2 (4), where the inside cover-plate is wider than the 
outside cover-plate, the two inside rows of rivets are in 
double shear and the outside row in single shear. 
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The student is cautioned against considering a butt joint 
like that shown in Fig. 2 (2) as a double-riveted joint. 
The butt joints are, respectively, single-riveted in Fig. 2 (¢); 
double zigzag-riveted in Fig. 2 (/); double chain-riveted 
in Fie. 2. (2); and triple-riveted in Iie 2 (7), | That the 
joint shown in Fig. 2 (¢) is single-riveted follows from the 
fact that the separation of one plate from the other is 
opposed by only one row of rivets. 


22, The shearing resistance of rivets in double shear is 
not twice their resistance in single shear, as often assumed. 
Experiments on steel and iron rivets at the Watertown 
arsenal have shown that their resistance in double shear 
averages 1.85 times their resistance in single shear. 

The shearing resistance of the fivets in the strip con- 
sidered may be calculated as follows: 


Rule 3.—J/ultiply the area of the rivet hole by the number 
of rivets resisting the shear in the strip considered, Multiply 
this product by the ultimate shearing strength of the rivet 
material, When the rivets are in double shear, multiply 
again by 1.85, 

Or, A,=@* *.71854 WV S tor single shear, 


and R,=d* x .1854 NV S x 1.85 for double shear. 


The attention of the student is called to the fact that in 
calculating the shearing resistance of the rivets, the area of 
the rtvet hole is used. It is the usual practice to make the 
rivet hole ;4 inch larger than the rivet. When the rivet is 
driven, it fills this hole: Then, its new area, which equals 
the area of the hole, in conjunction with the shearing 
strength of the material, determines the shearing resistance. 


23. Considering the case of failure by shearing out and 
crushing in front of the rivet, experiments have shown that 
with the rivet spacing and proportions generally used, there 
is no danger of the joint failing in this manner if the dis- 
tance from the center of the rivet to the edge of the plate is 
made 1} times the diameter of the rivet hole. 
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By applying rules 1, 2, and 3, the efficiency of a joint may 
be investigated. First of all determine the resistance of the 
solid plate; then determine the resistance of the net section 
to tensile stress; and, finally, the shearing resistance of the 
rivets. Then find the efficiency as shown in Art. 18, 


EXAMPLE 1.—In a single-riveted lap joint, as shown in Fig. 2 (a), 
the pitch of the rivets is 2 inches. The rivet holes are inch in diame- 
ter. The plate is 8 inch thick and has an ultimate tensile strength of 
55,000 pounds per square inch of section. Taking the ultimate shear- 
ing strength of the rivet material at 38,000 pounds per square inch of 
section, what is the efficiency of the joint ? 

SoLuTION.—According to the statement in Art. 18, a strip 2 inches 
wide is to be considered. By rule 1, its resistance to a tensile stress 
is 55,000 & 2X8 = 41,250 pounds. By rule 2, the resistance of the net 
section to a tensile stress is (2 — 4) & 55,000 « 8 = 23,203 pounds. As 
there is one rivet in single shear in the strip, its shearing resistance, 
by rule 3, is (4)? x .7854 x 1 & 38,000 = 22,850 pounds. Comparing 
the two resistances, it is seen that the joint will fail by shearing the 
rivet. The efficiency of the joint is 


850 
250 


#2350 & 100 = 55.4 per cent., nearly. Ans. 

EXAMPLE 2.—In a triple-riveted lap joint, as shown in Fig. 2 (¢), 
the pitch of the rivets is 3} inches. The rivet holes are 4% inch in 
diameter. The plate is inch thick and has an ultimate tensile strength 
of 60,000 pounds per square inch of section. The ultimate shearing 
strength of the rivet iron is 38,000 pounds per square inch of section. 
Find the efficiency of the joint. 

SoLtuTIon.—According to the statement in Art. 18, a strip 34 inches 
wide is to be considered. The pesiptanue of the solid strip to a tensile 
stress, by rule 1, is 60,000 x 31 K 2 = 73,125 pounds. By rule 2, the 
resistance of the net section toa diene stress is (84 — 12) « 60,000 « 4 
= 54,843.7 pounds. There being three rivets in rete shear in the 
strip to resist the shearing stress, the shearing resistance, by rule 3, 
is (43)? x .7854 x 3 X 38,000 = 59,107.5 pounds. The calculations show 
that the net section of the plate is weakest. The efficiency of the 
joint is 
54,843.7 


> 100 oipericent., “Ams: 


EXAMPLE 3.—Find the efficiency of a triple-riveted butt joint with 
two cover-plates, having every alternate rivet left out in the outer row. 
The outer row of rivets is in single shear and the inner rows are in 
double shear. See Fig. 2 (#). The pitch of the rivets in the inner 
rows is 32 inches; in the outer row, 74 inches. The rivet holes are 


H. S. I11.—18 
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1 inch in diameter. The plate is 4 inch thick and has an ultimate ten- 
sile strength of 55,000 pounds. Take the shearing strength of iron 
rivets at 88,000 pounds per square inch of section. 

SoLurion.—According to the statement in Art. 18, astrip 74 inches 
wide is to beconsidered. The resistance of this strip to tensile stress, by 
rule 1, is 55,000 x 4 X 74 = 206,250 pounds. By rule 2, the resistance 
of the net section of the plate is (74 — 1) x 55,000 x 4 = 178,750 pounds. 
In the strip we are considering, there are four rivets in double shear 
and one rivet in single shear. Then, the total shearing resistance is 
the sum of the resistances of the five rivets. oo rule 3, the resistance 
of the rivet in single shear is 1? & .7854 « 1 & 88,000 = 29,840.2 pounds. 
By ne same rule, the resistance of the four rivets in double shear 
is 12 x .7854 « 4 « 38,000 « 1.85 = 220,854.5 pounds, nearly. Hence, 
the a resistance to the shearing stress is 220,854.5 + 29,845.2 
= 250,699.7 pounds. ‘The calculations show the net section of the plate 
to be weakest. The efficiency of the joint is 


178760 & 100 = 86.66 per cent. Ans. 


DESIGNING RIVETED JOINTS. 


INTRODUCTION. 


24. Limitations to the Application of Theory. — 
Although it may at first appear possible to design a riveted 
joint to give the maximum strength for a certain plate and 
quality of rivets merely by an application of the principles 
of the strength of materials, a closer investigation of the 
problem will prove that, owing to the number of conditions 
imposed, it is impossible to formulate a theoretical rule for 
the solution of the general problem. Either the diameter 
of the rivets or the pitch may be assumed and a joint designed 
that will fulfil the conditions of equality between the strength 
of rivets and the strength of plate; but it is impossible to 
derive a general rule by means of which the diameter or the 
pitch of rivets that will secure the maaimum strength of joint 
for a given thickness and quality of plate can be directly 
calculated. On account of these limitations, the design of 
a joint that will give the maximum efficiency is a tentative 
problem, where either the diameter or the pitch may be 
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assumed and the efficiency of the corresponding joint 
calculated. Another size or pitch of rivet may then be 
chosen and the efficiency of the corresponding joint calcu- 
lated. The second efficiency compared with the first will 
show in which direction a change in dimensions will be likely 
to give the best results. <A few trials of this kind will reveal 
the dimensions required to give the most satisfactory results. 

25, Practical considerations limit the design to a 
narrow range of values of diameters and pitch. Commercial 
sizes of rivets and thickness of plates, the greatest pitch 
with which a steam-tight joint can be secured, and the 
smallest pitch that will permit of the formation of rivet 
heads must all be considered. It is also customary to make 
the pitch some even number of inches or, when fractions are 
used, to restrict them to such numbers as halves, quarters, 
or eighths of an inch. 

In consequence of the limitations within which theory can 
be applied and the practical features of the work, many 
designs of riveted joints are based on a series of simple 
empiric rules and on tables of dimensions that have been 
found by experience to give satisfactory results. 

Regarding the pitch of rivets that must not be exceeded 
if the joint is to be steam-tight when under pressure, com- 
petent authorities differ somewhat. This difference of 
opinion accounts for much of the difference in results that 
will be obtained from the formulas proposed by different 
authorities on boiler design. 


PRACTICAL RULES AND FORMULAS. 


26. The symbols given below are used in the rules fol- 
lowing: 
P= pitch of rivets; 
m = number of rows of rivets; 
P.,= maximum pitch allowable; 
P= diagonal pitch; 
@ =diameter of rivet hole; 
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a’ = diameter of rivet; 
¢ = thickness of plate; 
v = distance between adjacent rows of rivets; 
e = distance from center of rivet to edge of plate; 
¢=dap. 


29. Board of Supervising Inspectors’ Rules.—The 
Board of Supervising Inspectors of Steam Vessels, in their 
rules and regulations governing the construction of steam 
boilers for marine purposes, prescribe the following rules for 
single-riveted and double-riveted lap joints: 


d@' = ¢-+ 2 inch for iron plates and iron rivets, single-riveted 
lap joints. (a) 
@'=?+-+ 5, inch for iron plates and iron rivets, double- 
riveted lap joint. (2) 
@'=t4- 7) inch for steel plates and steel rivets, single- 
riveted lap joint. (c) 
d@'=t¢t-+#2 inch for steel plates and steel rivets, double- 
riveted lap joint. (2) 


1854 da" x 


+’ for iron plates and iron rivets. (¢) 


.645 ad” 
i a + d@’ for steel plates and steel rivets. (/) 


P,, =1.31¢-+ 1% inches for single-riveted lap joints. (<) 
2.62 ¢ + 13 inches for double-riveted lap joints. (% 


Pigs ee ) 
6 4a’. ; ee 
ae ae for double zigzag-riveted lap joints. (2) 
4a’ ‘ se oles 
==" cau for double chain-riveted lap joints. (x) 
V(11p+4d' 4d! 
pee a es Vee a for double zigzag-riveted lap 
joints. (2) 
AS (772) 


28. American Boiler Manufacturers Association 
tules.—The American Boiler Manufacturers Association, 
in their ** Uniform American Boiler Specifications,” adopted 
October, 1898, in section 10 specify: 
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Approximately make rivet holes double the thickness of 
thinnest plate, or 


ad = 2 ¢, approximately. (72) 
Make pitch three times the diameter of the rivet hole, or 
ieee (0) 


Make the distance between the center line of rows of 
staggered rivets equal to one-half the pitch, or 


Tb op. () 
Make lap for single-riveting to be equal to the pitch, or 


Make lap for double-riveting one and one-third times the 

pitch, or 
LTP: (7) 

For each additional row of rivets in excess of double- 

riveting add one-half the pitch to the lap, or 
/= 1% p, for triple-riveting. (s) 
{= 24 p, for quadruple-riveting. (2) 

Exact dimensions of the joint to be determined by making 
the resistance to shear of rivets at least 10 per cent. greater 
than the resistance to tensile stress of the net section of the 
plate.* 

29, English Board of Trade Rules.—For double- 
riveted butt joints with two cover-plates, the English 
Board of Trade prescribes that the pitch of the rivets must 
not exceed that given by the following formula: 

P= 3.5 6s inches: (7) 

For triple-riveted butt joints with two cover-plates, the 

same authority gives 
P,, = 4.63 ¢ + 1% inches. (v) 


m 


* Mr. Barnet Le Van, Trenton, N. J., a high authority on this sub- 
ject, states that he prefers to make the resistance to tensile stress of 
the net section of the plate ina new boiler larger than the resistance to 
shear of the rivets, since corrosion will weaken the plate, while scarcely 
affecting the rivets. 
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For finding the diagonal pitch for butt joints with one or 
two cover-plates formula (7) may be used. 
When one cover-plate is used, make its thickness not less 


than 14 ¢. (zw) 
For two cover-plates, the thickness of each should not 
be less than 7. (x) 


30, Hartford Steam Boiler Inspection and Insurance 
Company’s Proportions. — The Hartford Steam Boiler 
Inspection and Insurance Company have designed and 
recommend the joints given in Table I, the designs being 
for steel plate and iron rivets. With the values of the ulti- 
mate tensile and shearing strengths given, the efficiency of 
these joints is found in the last column. 


DESIGNING A JOINT FOR THE HIGHEST PRACTICABLE 
EFFICIENCY. 

31. The efficiency of a riveted joint depends on several 
interdependent factors: the diameter of the rivet when 
driven, the pitch of the rivets, the ultimate tensile and 
shearing strength of the material, and the disposition of the 
rivets. A change in either one or more of these factors will 
alter the efficiency of the joint. 

For illustration, take a single-riveted lap joint for a plate 
7; inch thick, having a diameter of rivet hole of 43 inch 
and a pitch of 24inches. The plate having a tensile strength 
of 60,000 pounds and the rivet a shearing strength of 
38,000 pounds, this joint will have an efficiency of 49.5 per 
cent., nearly. 

All other data remaining the same, with the exception of 
the tensile strength of the plate, which we will now take at 
55,000 pounds, the same joint will have an efficiency of 
Do.0 per cent., nearly. 

The student is here cautioned against the error of assu- 
ming that a low tensile strength of the plate will be conducive 
to a stronger joint. The calculations here given are merely 
intended to show that a change in one or more of the factors 
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entering into the problem will work a corresponding change 
in the ratio between the strength of the joint and the 
strength of the solid plate. 

When calculating the efficiency, it will be seen that in 
either case the joints just considered will fail by shearing 
the rivets. Hence, it can be made stronger by making the 


rivets larger. 


32. Order of Procedure.—The general order of pro- 
cedure outlined below may be followed in designing a joint: 


1. Fix on the maximum permissible pitch for the type of 
joint and the thickness of plates to be used. 


2. Choose a standard diameter of rivet that agrees as 
closely to practice for this style of joint as may be deter- 
mined by the data available; in the absence of data use 
judgment. 


3. Calculate the shearing strength of the rivet or rivets 
in the strip whose width is determined by the pitch, and the 
width of a strip of the plate that will have a tensile strength 
equal to the shearing strength of the rivet, or rivets. 


4. Add the width of this strip to the diameter of the 
rivet hole, and thus obtain the pitch of the rivets required to 
make the tensile strength of the plate equal to the shearing 
strength of the assumed rivets. 


5. Compare the pitch thus obtained with the assumed 
maximum permissible pitch; if the calculated pitch is 
greater than the permissible pitch, calculate again, using a 
smaller rivet; if it is less, try a larger rivet. 

6. In this way determine the sizes of two rivets that will 
give pitches nearest the maximum permissible pitch, one 
greater and one less. 


ty 


i. Calculate the efficiency of the joint whose pitch of 
rivets is next lower than the maximum permissible pitch, 


8. Calculate the efficiency of a joint having the maximum 
permissible pitch, using the larger of the two rivets found in 
paragraph 6. 
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9. Of these two joints, the one that has the higher 
efficiency will be the joint having the highest efficiency 
obtainable with commercial sizes of rivets, under the assumed 
conditions. 

This order of procedure may be considerably varied to 
suit special conditions. In many cases a simple inspection 
will enable an experienced designer to determine most of the 
features of the joint without the necessity of making all 
the calculations involved in the above outline. For the 
beginner, however, it is best to check each step by careful 
calculation. 


33. Illustrative Example.—Design a double zigzag- 
riveted butt joint with two cover-plates, the shell plate 
being steel # inch thick and having a tensile strength of 
60,000 pounds per square inch of section. The rivets are of 
steel having a shearing strength of 46,000 pounds per square 
inch of section. 

Referring to the rules for proportions of joints, we find 
that the only rule for fixing the hmit of pitch for the kind of 
joints under consideration is that prescribed by the English 
Board of Trade [see formula (v)]; in accordance with this 
formula, the maximum permissible pitch for our joint is 
P= 3.5 x2 -+ 18 = 4.25 inches, 

There are no rules given for the diameter of rivets for a 
double-riveted butt joint, but by referring to the proportions 
recommended by the Hartford Steam Boiler Inspection and 
Insurance Company, we find that a triple-riveted butt joint 
in a 8-inch plate is provided with 1-inch rivets that have a 
shearing strength of 38,000 pounds per square inch; although 
these conditions differ somewhat from the ones we are con- 
sidering, they may be taken as an indication of the most 
probable size that we shall need, and we will, therefore, use 
a l-inch rivet for our first ¢rvza/ szze. For this size, the 
shearing strength of the two rivets included within a strip 
of plate having a width corresponding to the pitch is, by 
rule 3, R,= (145)? X .7854 x 2 x 46,000 x 1.85=150, 900 pounds. 
It will be observed that in this calculation the diameter of 
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the rivet hole is used, which is ;4 inch larger than the 
rivet. 

We will now calculate the pitch that would be required to 
secure the same strength for the plate. The tensile strength 
of a strip of the plate 1 inch in width is, by rule 1, 1 x ? 
X 60,000 = 45,000 pounds; the net width of plate required 
to secure a strength equal to the shearing strength of the 
rivets is, therefore, 150,900 + 45,000 = 3.353 = 38 inches, 
nearly. Since the diameter of the rivet hole is 144 inches, 
the pitch required will be 33+ 1, = 4,5 inches, which is 
greater than the permissible maximum pitch that we have 
assumed for our joint. We will now try the next smaller 


pg 


size of rivet, 1% inch, making the size of the rivet hole 1 inch. 
The shearing strength of the rivets now becomes A, = 1° 
x 7854 x 2 < 46/000 & 1.85 = 133,700 pounds, néarly, and 
the net width of plate required to furnish the same strength 
is 133,700 + 45,000 = 2.971 inches, or 3 inches, nearly. 
This corresponds to a pitch of 3-+ 1 = 4 inches, which is less 
than the assumed permissible maximum. 


34. The question now arises: IW72l/ the efficiency be greater 
with this proportion than tt would be tf we used the next 
larger size of rivet and reduced the net section of the plate to 
avalue that would give the greatest permissible pitch ? With 
the permissible pitch of 44 inches, the strength of the solid 
plate is 45,000 x 44 = 191,250, say 191,300 pounds. Witha 
1-inch rivet, the strength of the net section will be (44 — 1,4.) 
x 45,000 = 143,400 pounds and the efficiency will be 
143,400 x 100 

191,300 
the pitch of 4 inches, the strength of the solid plate is 
4 x 45,000 = 180,000 pounds. The strength of the joint 
is the same as that of the rivets; the efficiency is, therefore, 
[BAO perl thc coe oe ate ee oe 

180,000 .28 per cent., very nearly. This is less 
than the efficiency with the next larger size of rivets and the 
maxinum permissible pitch, and a little inspection shows 
that any smaller size of rivets would give a still lower 


= 74.96 percent. With the 13-inch rivet and 
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efficiency. Also, since the 1-inch rivets are stronger than 
the net section of the plate with a pitch of 4 inches, we see 
that any attempt to use larger rivets with this pitch would 
only result in further reducing the strength of the net 
section and, in consequence, the efficiency. 

If the pitch could be increased to 4,%, inches, so as to make 
the strength of the net section of the plate equal to that of 
the 1-inch rivet, the strength of the solid plate would be 
45,000 K 474 = 199,700 pounds and the efficiency would 
be increased to aS eS = {).00.per cent. “This, bow- 

199,700 ; 
ever, 1s contrary to the rule that was available for the greatest 
pitch allowable. We therefore see that the maximum effi- 
ciency that can be obtained wander the assumed conditions is 
74.96 per cent. 


sites 
16 


ATTAINABLE EFFICIENCIES. 

35. The efficiencies of riveted joints that may be ex- 
pected to be attained in practice average as follows: 

For a single-riveted lap joint, 56 per cent. 

For a double-riveted lap joint, 70 per cent. 

For a triple-riveted lap joint, 75 per cent. 

For a double-riveted butt joint with two cover-plates, 
76 per cent. 

For a triple-riveted butt joint with two cover-plates, 
8) per cent. 

, Single-riveted and double-riveted butt joints with one 
cover-plate give about the same efficiencies as single-riveted 
and double-riveted lap joints. 

The efficiencies given must be understood to be nothing 
else but average efficiencies; the student must not fall into 
the error of assuming that because a lap joint is triple-riv- 
eted it must have an efficiency of 75 per cent. Asa matter 
of fact, it may be slightly higher and can be much lower. 
Hence, the efficiency should always be calculated by the 
rules given. 
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Numerous tests have shown the average shearing resist- 
ance of iron and steel rivets in single shear and per square 
inch of section to average, for iron rivets, 38,000 pounds; 
for steel rivets, 46,000 pounds. 


THE ARRANGEMENT AND DESIGN OF 
SPRAYS: 


ARRANGEMENT. 


36. Distribution of Stays.—In staying boilers, it should 
be the aim of the designer to distribute the stays as equably 
as possible over the area to be braced. The process of lay- 
ing out the bracing is a tentative one, involving the use of 
judgment and common sense. After the number of braces 
of a given size has been determined by calculation, it will 
frequently be found that with the chosen number of braces 
an equable distribution is out of the question. Then a dif- 
ferent number of braces, and, perhaps, even a different size 
of brace, will have to be chosen. 

The arrangement of braces depends, to a large extent, on 
the shape of the area to be braced. For rectangular areas, 
such as are presented by 
the firebox sheets of 
boilers of the locomotive 
type, the most common 
and natural method is to 
arrange the stays in equi- 
distant horizontal and ver- 
tical rows. For bracing 
the heads of return-tubu- 
lar boilers, the Hartford 
Steam Boiler Inspection 
and Insurance Company 
advocates arranging the 


braces in concentric rows, 
as shown in Fig. 4, the design shown being for a 72-inch 
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boiler braced by crowfoot braces riveted to the head and 
shell. When the head is 
stiffened by T irons, an 
excellent arrangement of 
them is that shown in 
Fig. 5. As will be observed, 


the T irons are arranged 


OQOOOOO QOOOOO 
QQO0OO OOOOOO 
OQOOOO OOOOOO | 
OOOOO 8980" / 


radially, and each is se- 
curely riveted to the shell, 
Wie forked end “of the 


braces is then cottered to 
the T iron between the 


OOOO OOOO 
\ Bese 


N 


rivets, as shown. The 
great advantage of this 
system of bracing is that 
by it the number of braces is reduced, thus making the 
boiler more accessible for cleaning and repairing. The 
reduction in the number of braces naturally requires each 
brace to be larger. 


3%. The area supported by each stay or brace is the 
area bounded by lines midway between the stay and the 
nearest stays surrounding it. Thus, 

@ @ © in Fig. 6, the dotted lines show the 
area supported by the central stay. 


{ When stays are arranged in equi- 

® | @ @ distant rows, as shown in the figure, 
which is the usual way of arranging 
eeceeeeae ; them in the flat surfaces of firebox 
boilers, the area supported is equal 

Ec) & @ tothe square of the center-to-center 


nee. distance, or prick, of the stays. 


38. Area to be Supported.—In calculating the total 
area that is to be supported, it can safely be assumed, for a 
boiler head, that the flanging of the head will support it for 
a distance equal to 6 times the thickness of the plate. Like- 
wise, with the flat surfaces of the firebox, the flanging of 
the end sheets will support them to a distance that may be 
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taken equal to 6 times the thickness of the plate. In the case 
of the head of a horizontal return-tubular boiler, the tubes, 
when well rolled, act as 
er hols stays and render further 
staying of this part of the 
boiler unnecessary. The 


ee en oe ae eS ; tubes may also be assumed 


6000000000 

OOOOQOOOOQO 

QOOQOQOOOOOO 
OO 
OO 
O 


to safely support the head 
for a distance equal to 
about 14 times the diam- 
eter of the tube, measuring 
from the center of the 


QOQOOOOOOO 
OQQOOO0O0O 
OQ, (0 


er upper row of tubes. Thus, 
in Pig. 7, with a boiler 
head 4 inch thick and tubes 

Lge Sat 34 inches in diameter, 
the areas to be supported by staying are those enclosed 
by dotted lines. The flange of the head supports it for 
4+ x 6= 83 inches; the tubes support the head for a distance 
of 34 x 14 = 42 inches from the center of the tubes. The 
total area to be supported can now be calculated by the 
rules of mensuration, taking the necessary measurements 
from a scale drawing. The total pressure, or load, on the 
area to be supported is the product of the steam pressure 
and the area in square inches. 


RULES FOR DESIGNING STAYS. 


39. Symbols.— A 


Let /¢ = thickness of plate in sixteenths of an inch; 

/= steam pressure in pounds per square inch; 

A = area supported by one stay in square inches; 

/ = length of center line of diagonal stay, measured 
between head and shell, in inches; 

6 = distance from intersection of center line of 
diagonal stay with shell to the inside of the 
boiler head, measured parallel to the shell, in 
inches; 
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£ = load on one stay; 
S = load per square inch of section of the stay; 
@ = area of stay in square inches. 


40, Maximum Permissible Distance Between Stays. 
Considering the thickness of the plate to be braced, it 
is evidently necessary to have the braces or stays close 
enough to each other to prevent excessive bulging between 
the stays. In other words, the area that each stay or brace 
supports should not exceed a certain number of square 
inches, the area depending on the thickness of the plate and 
the steam pressure to be carried. This area has been deter- 
mined experimentally and is given by the following rule, 
which has been deduced from rules of the Board of Super- 
vising Inspectors of Steam Vessels, and is also prescribed in 
the specifications of the American Boiler Manufacturers 
Association. 

Rule 4.—J/ultiply 112 by the square of the thickness of the 
plate in sixteenths of an inch, and divide the product by the 
steam pressure in pounds per square inch. The quotient will 
be the maximum area, in square inches, that can be supported 
safely by one stay. For plates above fy inch in thickness, use 
120 instead of 112. When screw staybolts are fitted with 
nuts inside and outside of each plate, use 140 as a constant. 


3 3 . . 
Or, A= for plates up to 7 inch thick, 
120 7 Se . 
and A= =e for plates above +, inch thick, 
Oe : 
and ye a for screw staybolts with nuts. 


From this rule, the maximum pitch of stays arranged in 
equidistant rows can readily be found by extracting the 
square root of the area given by rule 4. 

The rules and regulations of the Board of Supervising 
Inspectors of Steam Vessels provide that braces or staybolts 
must not be placed more than 104 inches from center to 
center when used to brace the flat surfaces of fireboxes, fur- 
naces, and back connections. 
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EXAMPLE.—With a 4-inch plate to carry asteam pressure of 
125 pounds, what is («) the greatest area that one stay can support 
when nuts are not fitted to the stays? (4) The stays being arranged 
in equidistant rows, what is the maximum pitch? 


SoLuTION.— 4inch =. Then, applying rule 4, we get 
US Gice . 
(a) A= = = 61.44 sq. in. Ans. 
25 
(6) 761.44 = 17.88 in. Ans. 


41, The preceding rule may advantageously be applied 
to the heads and other flat surfaces of stationary boilers as 
a test of the spacing of the braces and stays. For example, 
suppose that it has been decided to use 8 stays on the upper 
part of the 60-inch boiler head shown in Fig. 7. Let the 
area be 720 square inches. Then, with the stays equably 
distributed, each stay will support 720 + 8 = 90 square 
inches. Suppose the head is 4% inch thick and the steam 
pressure is to be 100 pounds. Then, byrule 4, the maximum 

, Hee? x ; . 
area iS —759 = 54.88 square inches. This shows that 
there are not enough braces for the given steam pressure 
and thickness of boiler head. Hence, if the steam pressure 
cannot be lowered or the thickness of the head increased, 
the number of braces must be increased. 

Knowing the area allowable for each stay and the total 
area to be supported, the minimum number of stays is evi- 
dently the total area divided by the area allowable for each 
stay. Thus, taking the same exampleas above, there should 
be not less than 720 + 54.88 = 13+, say 14 braces. When 
plotting the distribution of braces over irregular surfaces, it 
will often be found that, with the number of braces calcu- 
lated as above, an equable distribution is impossible. In 
that case use the next larger number that will insure a good 
distribution. For instance, in a design of head bracing for 
a 60-inch boiler head to carry 100 pounds pressure, designed 
and advocated by the Hartford Steam Boiler Inspection and 
Insurance Company, we find 15 braces used against 14 found 
by calculation. 
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42, Load on Stay.—Having determined the number of 
braces or stays to be used, the next step is to find the load 
each stay has to support. This load, in the case of direct 
stays (stays at a right angle to the surface), is equal to the 
product of the area supported and the steam pressure. 
Thus, for stays in equidistant rows and with a 6-inch pitch, 
for a steam pressure of 100 pounds, the load on each stay 
will be 6? x 100 = 3,600 pounds. 

In the case of crowfoot and other stays making an angle 
with the surface supported, the load on each stay will be 
increased by reason of this angle. The load on such a stay 
can be found by the following rule: 


Rule 5.—Divide the length of the center line of the stay, 
measured between the points of intersection of this center line 
with the head and shell, by the perpendicular distance between 
the intersection of the center line of the stay with the shell 
and the head. Multiply the quotient thus obtained by the 
product of the area and the steam pressure. 


Or i £4 Hee 
b 


D) 


EXAMPLE.—In the crow- 
foot stay shown in Fig. 8, 
what is the load on the 
stay when it supports an 
area of 60 square inches 
and the steam pressure is 
100 pounds ? 


SoOLUTION.—Applying the 
FIG. 8. rule just given, we have 
Via S160 al 0 = 265/00 lbs eas: 
With stays making an angle with the surface that they 
are to support, the load on each stay should be calculated, 


as the different stays make different angles with the surface, 


43. Sectional Area of Stay.—Having determined the 
load on the stays or braces, the minimum area of the stays 
or braces that is sufficient to safely bear this load must be 
found. In all boilers constructed for marine work, the 

Hf. S. Ill.--19 


30 BOILER DESIGN. § 16 


greatest load per square inch of section of the brace is fixed 
by law at 6,000 pounds. In stationary boilers, it is usual to 
allow a load as high as 7,500 pounds per square inch of sec- 
tion. However, the specifications of the American Boiler 
Manufacturers Association provide that when the material 
for braces has been tested and found to conform to their speci- 
fications, iron braces may be allowed a load of 9,000 pounds 
per square inch and steel braces a load of 11,000 pounds per 
square inch. When no test of the material has been made, 
the load must not exceed 6,500 pounds per square inch for 
wrought iron and 8,000 pounds per square inch for steel. 
Then, to find the minimum area of the brace or stay, that 
is, the area at the smallest part, expressed in square inches, 
we have the following rule: 


Rule 6.—Divide the load on the stay by the allowable load 
per square inch of section. 


Or: aS 


EXAMPLE.—What must be the area of a crowfoot stay on which the 
load is 7,000 pounds, allowing a load of 7,500 pounds per square inch of 
section ? 


SoLuTION.—Applying rule 6, we get 


The corresponding diameter is 1} in., nearly. Ans, 


44, Application of Rules.—With the rules here given, 
all problems relating to the staying of boilers by direct and 
diagonal stays may be solved. The practical application 
of these rules will now be shown by some regular questions 
asked in engineers’ examinations. 


EXAMPLE 1.—How many {-inch staybolts are required for a crown 
sheet of a locomotive boiler to carry 120 pounds steam pressure? The 
sheet is 4 ft. x 6 ft. Allow a load of 6,000 pounds per square inch of 
section on the stay. 


SoLutioy.—In this example, the thickness of the plate is not given, 
hence the number of staybolts cannot be calculated from rule 4. But, 
since the size of the staybolts is known, the load each staybolt can bear 
can be readily calculated, and by dividing the total load by the load on 
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each staybolt, the number of staybolts can be obtained. The area of 
the sheet, in square inches, is 4 x 12 x 6 X12 =3,456 square inches. 
The total load is 3,456 x 120 = 414,720 pounds. The area of a }-inch 
staybolt, assuming that the bolt is { inch at the bottom of the thread, 
is (f)? & .7854 = .601 square inch, and the load it can bear is .601 « 6,000 
= 3,606 pounds. Then, 414,720 + 3,606 = 115 staybolts. Ans. 

EXAMPLE 2.—There are 48 staybolts in a sheet 40 in. X 50 in. What 
size should they be for a steam pressure of 100 pounds ? 


SoLuTION.—The total load on the sheet is 40 x« 50 « 100 
= 200,000 pounds. Since there are to be 48 staybolts, the load each stay- 
bolt will bear when equably distributed is 200,000 + 48 = 4,167 pounds, 
nearly. Allowing a load of 6,000 pounds per square inch of section, the 
minimum area, by rule 6, will be 4,167 + 6,000 = .6945 square inch. 


The diameter corresponding to this is / SSE = Thm, mean.) Ams: 
ake 


45. Since the thickness of the plate is not mentioned in 
the two examples just given, it is impossible to say whether 
or not there will be excessive bulging of the plate between 
the stays when the pressure is applied. The questions 
given are actual examination questions that have been 
asked candidates for a stationary engineer’s license. The 
answers given and the method of working the problems, 
while usually satisfactory to the examiner, are scarcely sat- 
isfactory to a designer. For an actual design it is recom- 
mended that these calculations be checked by considering 
the thickness of the plate and applying rule 4, thus pre- 
venting an excessive center-to-center distance of the stays. 


RIVETS FOR BRACING. 

46. Evidently the rivets securing the braces of the 
crowfoot type to the head and shell should, at least, be as 
strong as the brace itself. The rivets securing the crow- 
foot to the head are not in direct tension and cannot be 
calculated for a straight pull, as can be done for the brace 
itself. Generally speaking, it has been found that if the 
combined sectional area of the two rivets in the crowfoot is 
made equal to 14 times the minimum area of the brace, 
they will be as strong as the brace. Thus, for a crowfoot 
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brace 1} inches in diameter, the area of which is (1})’ 

854 = 1.22% square inches, the combined area of the 
rivets should be 1.227 & 1.25 = 1.524 inches, whence the area 
of each rivet is 1.524+ 2=.762 square inch. The corre- 


sponding diameter is —.; = say, 1 inch. 

A great many boilermakers make the area of each rivet 
equal to one-half the area of the brace, but, as this will 
leave the rivets weaker than the brace, it 1s better to make 
them larger. 


4%. The rivets securing the shank of crowfoot and 
similar braces are in single shear and may be calculated 
from the shearing strength of the material. In practice, 
however, it is the usual custom to make their combined 
area equal to 14 times the area of the stay. The rivets 
securing JT and angle irons to heads are in direct tension 
and may be calculated for tension, taking a low value for the 
safe tensile strength. In general, it will not be advisable to 
allow a greater load than 4,000 pounds per square inch of 
section on the rivet. Rivets smaller than # inch should 
never be used. 

Having laid out the rivet centers on the drawing board, 
spacing them as equably as feasible, the combined cross- 
sectional area of all the rivets can readily be found. Thus, 
if the area to be supported is 720 a inches and the pres- 
sure 100 pounds, the total load is 720 x 100 = 72,000 pounds. 
If there are 31 rivets, each rivet must bear a load of 72,000 


=. 8 ape pounds, nearly. Then, the area of each rivet 
is 2,823 + 4,000 =.58 square inch. The corresponding 
58 


diameter is = say, ¢ inch. 


1854 . 

48. In laying out the rivet centers it is not always pos- 
sible to distribute them evenly over the surface to be braced. 
A case in point is shown in Fig. 5. As will be observed, the 
rivets have been arranged in groups of two, and these 
groups are distributed as evenly as possible. In such a 
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case, it is well to calculate the rivet size for the assembly of 
groups having the least number of rivets for the largest 
number of stays. Thus, in Fig. 5, the vertical T iron in 
the center carries 3 stays with 8 rivets. Plot on the draw- 
ing board the area supported by the 3 stays; measure it, 
and then multiply by the steam pressure to get the total 
load on the 8 rivets. From this obtain the diameter of 
the rivet in the way previously explained. It is the usual 
practice to use the same size of rivets for all head bracing; 
hence, the rivets that carry a smaller load should be made 
equal to those carrying a larger load. 


UNSTAYED HEADS. 

49, Boiler heads not supported by staying are only 
found in plain cylindrical boilers. Unstayed heads are 
also used in the con- 
struction of steam 
drums and mud drums. 
They are usually made 
in one of two forms, as 
shown in Fig. 9. When 
fitted so that the con- 
cave or hollow side 
receives the steam 
pressure, as shown in 
Fie. 9 (a), theyoare 
called bumped heads; 
when the convex side 
receives the steam pressure, as in Fig. 9 (4), they are 
termed coneaved heads. Occasionally the heads are made 


flat. 


Let P = working pressure in pounds per square inch; 
T = thickness of head in inches; 
R = radius in inches to which the head is bumped; 
S = ultimate tensile strength of the material; 
A = area of head in square inches. 


e) 
6) 
O 
fe) 
io) 
3 


&) (b) 
Pre. 9: 
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Then, the working pressure may be obtained by the 
rules below. When the head is bumped and single-riveted 
to the shell: 

Rule 7.—WMultiply the thickness of the plate by tts tensile 
strength and divide by 3 times the radius to which the head 


7s bumped. 


d 


vie 
Or, p= 3 
EXAMPLE.—What working pressure would you allow on a bumped 
head, bumped to a radius of 72 inches, when the head is 4-inch thick 
and made of material having a tensile strength of 55,000 pounds? The 
head is single-riveted. 


by 


SoLuTIon.—Applying the rule just given, we have 


+ x 55,000 


ote 


= 127.38 lb, Ans. 


P= 


50. Whenthe head is double-riveted to the shell: 


Rule 8.—JMultiply the thickness of the plate by tts tensile 
strength and divide by 2.5 times the radius to which the 
head 1s bumped. 


Or P= 


; 25K 
EXAmPLE.—In the last example, what working pressure would you 
allow if the head is double-riveted ? 
SOLUTION.—Applying rule 8, we get 
4 55,000 


Bb 3c We 


P= =152:8 lb; ‘Ams; 
51. When the head is concaved and single-riveted to 
the shell: 


Rule 9.—Multiply the thickness of the plate by its tensile 
strength and divide by 5 times the radius to which the head 
7s bumped. 

Or, =e 

DR 


EXAMPLE.—Taking the same example as before, what working pres- 
sure would be allowable if the head was concaved instead of bumped ? 
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SOLuTION.—Applying the rule just given, we get 


+ X 55,000 
5X 72 


P= = (Or4 lib, Ame: 


52. When aconcaved head is double-riveted to the shell: 

Rule 10.—J/ultiply the thickness of the plate by its 
tensile strength and divide the product by £4 times the radius 
to which the head ts bumped. 

Ses 

i AR 

EXAMPLE.—Taking the last example, what pressure would be allowed 
if the head was double-riveted to the shell ? 


Ox 


SOLUTION.—Applying rule 10, we get 


+ < 55,000 
) 


2 9167 Ib. ane: 
4 > ee 


JP 


ole 


53. When the head is flat without any staying: 


Rule 11.—J/ultiply the thickness of the head by its 
tensile strength and divide the product by .54 times the area 
of the head in square inches. 

LS 


Or, = saa 


EXAMPLE.—What working pressure would you allow ona flat head 
32 inches in diameter, } inch thick, and having an ultimate tensile 
strength of 60,000 pounds ? 


SoLuTION.—Applying rule 11, we get 
2 > 60,000 


BE 5c Be sc TEL =103:6\1b. Ans: 


P= 


Rules 7, 8, 9, 10, and 11 are those prescribed by the 
Board of Supervising Inspectors of Steam Vessels for the 
guidance of their inspectors in determining the working 
pressures allowable on the kinds of heads given. An exami- 
nation of these rules shows that it is most economical to use 
the bumped head, since, with a given thickness and tensile 
strength, it will be allowed a greater working pressure than 
amy other. Conversely, for a given working pressure, a 
thinner head may be used. 
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TABLE II. 
STANDARD SIZES OF BOILER TUBES. 
L GhANG 
Diam- Thickness. Wire Transverse Fees: 
eter. Pere Gauge | Internal Area. areal Sueinees 
Inches. Number.) Square Inches. Reet: 
1 O72 15 Ry ei) 4.462 
1+ 072 15 . 961 3.453 
1t .083 14 1.398 2.863 
1? 095 13, Oe 2.448 
2 095 13 2.573 2.110 
24 095 3) eB STB 3Y3) 1.854 
2+ 109 12 4.090 1 674 
Qt . 109 12 5.0385 1.509 
3 . 109 12 6.079 Weenie 
34 120 iar to 1.260 
3+ 120 11 yo oreTi eel 
34 . 120 ala 9.676 1.088 
4 alee 10 10.939 1.024 
4} 134 10 14.066 . 902 
5 .148 9 GIA array) .812 
6 165 8 25.249 alone 
a 165 8 34.942 O73 
8 165 8 46.204 .498 
i) 180 i 58.629 442 
10 2038 6 72.292 .398 
EL 220 3) 87.583 .362 
12 229 4h 104.629 . 330 
13 238 4 123.190 .305 
14 248 34 143.224 283 
15 259 3) 164.720 264 
16 284 me 187.040 248 
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TUBES AND FLUES. 


STANDARD SIZES. 


54, Tubesused forincreasing the heating surfaceof boilers 
are made of charcoal iron or soft steel and are lap-welded 
or solid drawn. When tubes exceed 6 inches in external diam- 
eter, they are commonly spoken of as flues. Unlike pipes, 
the size of tubes for boiler work is designated by their 
external diameter, which is the acfwa/ diameter and not the 
nominal diameter, as in case of pipes used for conveying 
fluids. The standard dimensions of the tubes most commonly 
used are given in Table II. 


ALLOWABLE EXTERNAL PRESSURES ON TUBES. 


55. Boiler tubes up to and including 6 inches in external 
diameter may be allowed a working pressure of 225 pounds 
per square inch, if made of the thickness given in the table. 
Flues above 6 inches in diameter, up to and including 
16 inches, may be allowed a working pressure of 60 pounds 
per square inch, if their length does-not exceed 18 feet 
and their thickness is as given in the table. When flues 
above 6 inches and not over 16 inches are made in sections not 
over 5 feet in length and securely riveted together, a working 
pressure of 120 pounds per square inch may be allowed. 

Boiler tubes made of charcoal iron and lap-welded may be 
obtained in sizes up to and including 4 inches made one 
gauge thicker than those given in the table. These tubes 
are made especially for locomotive work and may be allowed 
a pressure not over 300 pounds per square inch. 


ALLOWABLE PRESSURES ON FLUES. 


56. The working pressure allowable on plain flues made 
in sections not over 8 feet in length, with the ends of each 
section flanged and riveted with a reenforcing ring between 
the flanges, may be obtained from the following rule, 
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where P= steam pressure allowable; 
7 = thickness of flue in inches; 
L = length of section in feet; 
D = diameter of flue in inches. 


Rule 12.—Multiply 89,600 by the square of the thickness 
of the flue and divide the product by the product of the length 
of the section and the diameter of the flue. 


89,600 7? 
Or: p= ar 


EXAMPLE.—Given, a flue made of material .3 inch thick and 20 inches 
in diameter. If made in sections 5 feet long, what working pressure 
per square inch may be allowed ? 


SoLuTIon.—Applying the rule just given, we get 


89,600 x .B? 


= 80.6 ‘ - 
Bx 20 30.64 lb. Ans 


GRATE AREA, HEATING SURFACE, 
AND TUBE AREA. 


GRATE AREA. 


57. Considerations Affecting the Grate Area,—The 
grate area, or grate surface, depends on the rate of com- 
bustion, the quantity of water evaporated per pound of fuel, 
and the total weight of steam evaporated per hour. 

For example, suppose that a plant needs 8,000 pounds of 
steam per hour. Assume that 16 pounds of coal are burned 
per square foot of grate surface per hour, and that each 
pound of coal will evaporate 8 pounds of water. Then, 
8,000 
16 xX 8 
= 62.5 square feet. This grate surface would necessarily 


it follows that the grate surface required is 


be divided among several furnaces, since a grate longer and 
wider than 6 feet cannot readily be fired. 
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58. Let G=area of grate in square feet; 
/’= rate of combustion in pounds per square 
foot of grate area per hour; 
lV = weight of steam per hour; 
/ = evaporation in pounds of water per pound 
of coal. 


To find the grate surface required for a plant: 


Rule 13.—Divide the weight of steam per hour by the 
product of the rate of combustion and the evaporation. 
_ Ww 
=F 

In rule 13, no account has been taken of the difference in 
the number of heat units required to evaporate water from 
different feedwater temperatures into steam at different 
pressures. Hence, the rule is only approximate, but close 
enough for practical work. 


Or, G 


59. The average evaporation per pound of coal for dif- 
ferent kinds of boilers is given in the following table: 


TABLE III. 


AVERAGE EVAPORATION PER POUND OF COAL. 


Coal per Hour per Square 


Foot of Grate Area. 6-10 10-14 14-18 18-20 


Cylinder DOr. oi) 05 amt 7.00 6.75 6.50 6.00 
AP yoysiheKe: loveikeie, 5 nnn oa nae Wee 7.00 Gal 6.25 
Return-tubular boiler.....| 9.00 8.50 8.25 8.00 
Eiinebox: bomleres..2..6 0...) 9.00 8.50 8.25 8.00 
Vertical tubular boiler....} 8.00 eoh® 7.50 7.00 
Water-tube. boiler......... 10.50. | 10:00 9.00 8.00 


In the table, the figure below the combustion rate and on 
the same horizontal line as the kind of boiler gives the 


40 BOILER DESIGN. $ 16 


evaporation per pound of coal that may be expected under 
average conditions. The student must not expect that the 
actual evaporation obtained after installing the plant will 
be exactly that given in the table; this table is merely 
intended as an approximate guide to aid the student if no 
data are available showing the evaporation of the kind of 
boiler selected under conditions similar to those under which 
his own plant is operated. 

The number of pounds of coal that may be burned per 
square foot of grate surface under natural draft will be 
given later. 

EXAMPLeE.—A battery of cylinder boilers is to generate 6,000 pounds 


of steam per hour, burning 12 pounds of coal per square foot of grate 

surface per hour. What grate surface will be required ? 
SoLtuTIon.—By the table, an evaporation of 6.75 pounds of water per 

pound of coal may be expected. ‘Then, applying rule 13, we get 


6,000 
: = 4 squit., nearly. Ans, 


HEATING SURFACE. 


60. Definition.—The heating surface of a boiler is 
the portion of the surface exposed to the action of the 
flames and hot gases. Thisincludes the portions of the shell 
below the line of brickwork, the exposed heads of the shell, 
and the interior surface of the tubes, in the case of a multi- 
tubular boiler. In the case of a water-tube boiler, the 
heating surface comprises the portion of the shell below the 
brickwork, the outer surface of headers, and outer surface 
of tubes. 


61. To find the heating surface of a return-tubular 
boiler: 


Rule 14.—JMultiply two-thirds the circumference of the 
shell in inches by its length in inches; multiply the number of 
tubes by the length of the tube in tnches and by its circumfer- 
ence; add to the sum of these products two-thirds of the area 
in square inches of the two heads or tube-sheets, from this 
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sum subtract twice the areca of all the tubes and divide the 
remainder by 144, the result ts the heating surface tn square 
feet. 

EXAMPLE.—A horizontal return-tubular boiler has the following 


dimensions: Diameter, 60. inches; length of tubes, 12 feet; internal 
diameter of tubes, 3 inches; number of tubes, &2. 


SOLUTION. — 
Circumfererce of shell = 60 x 3.1416 = 188.496 = 188.5 inches, say. 
Length of shell =e te ae chnes: 
Heating surface of shell = 188.5 « 144 x 3? = 18,096 square inches. 
Circumference of tube = 3 x 3.1416 = 9.425 inches, nearly. 
Heating surface of tubes = 82 x 144 & 9.425 = 111,290.4 square inches. 
Area of one head = 60? & .7854 = 2,827.44 square inches. 
Two-thirds area of both 

heads = $ X 2 X 2,827.44 = 3,769.92 square inches. 
Area through tubes = 3? & .7854 & 82 = 579.63 square inches. 


By rule 14, 


_ 18,096 + 111,290.4 + 3,769.92 — 2 x 579.63 
_ 144 
= 916.64 sq. ft. Ans. 


Heating surface 


62. To find the heating surface of a vertical tubular 
boiler: 

Rule 15.—J/ultiply the circumference of the firebox in 
inches by tts height above the grate; multiply the number of 
tubes by the length of a tube tn inches and by its circumfer- 
ence; add to the sum of these two products the area in square 
tnches of the lower tube-sheet; from this sum subtract the 
area of ali the tubes and divide the remainder by 144; the 
guotient ts the desired heating surface in square feet. 

In a firebox boiler, the heating surface includes the por- 
tion of the firebox above the grate surrounded by water and 
the inner surface of the tubes. The heating surface of an 
internally fired boiler of the Cornish or Lancashire type 
includes the surface of the furnace flues and that part of the 
outer shell in contact with the gases. 


63. Efficiency of Heating Surface.—The ability of a 
heating surface to abstract heat from the furnace or from 
the gases of combustion depends largely on its location in 
the boiler and on the character of its contact with the gases. 
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The very best heating surface is a flat horizontal plate above 
the fire, as, for example, the crown sheet of a locomotive 
boiler. The lower shell of a horizontal tubular boiler is not 
quite as efficient on account of its curvature. A vertical 
plate is about one-half as efficient as a horizontal plate 
above the fire, and a horizontal plate below the fire is nearly 
worthless. When the gases pass through tubes, as in tubu- 
lar horizontal and vertical boilers, the tubes give up more 
heat to the water when horizontal than when vertical, and 
the first 3 or 4 feet of the tube are very much more efficient 
than the end near the smokebox. Further, in a horizontal 
tubular boiler, the water abstracts much more heat from 
the upper tubes than from those near the bottom of the 
shell. In computing the heating surface of a boiler, no 
account is taken of the difference of efficiency. It is a point, 
however, that should be carefully considered in the design 
of boilers. 


G4, Size and Arrangement of Tubes.—Since the 
greatest part of the heating surface of tubular boilers is 
furnished by the tubes, particular attention must be paid to 
their size and arrangement. The length of the tubes 
should be about 50 diameters for bituminous coal and 
60 diameters for anthracite coal; these two proportions 
represent good modern practice. The tubes of horizontal 
boilers should be arranged in horizontal and vertical rows, 
with a horizontal spacing of from 14 to 14 times the tube 
diameter, preferably the latter. The vertical spacing may 
be somewhat less. The upper row of tubes should not be 
any higher than % of the diameter of the boiler from the 
bottom in order to leave ample steam room on the top. 
The sizes of tubes used in ordinary practice with horizontal 
return-tubular boilers is as follows: for boilers between 
36 and 48 inches diameter, 3-inch tubes; from 48 to 60 inches 
diameter, 34-inch tubes; from 60 to 72 inches diameter, 
4-inch tubes. 


65, It is common practice to divide the tubes into two 
nests with a large central water space, as it is thought that 
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such an arrangement permits the water to rise in the central 
space and descend on the outside of the nests next to the 
shell. There 1s little reason to doubt that the central water 
space will cause such circulation when the tubes are packed 
close together. Many authorities, however, think that much 
better results can be obtained by a wider and uniform 
horizontal spacing of tubes, since then a freer circulation 
can take place between each row of tubes. 

A space of at least 3 inches should be left between the 
tubes and the shell; the bottom row of tubes should be at a 
sufficient distance from the bottom of the shell to allow a 
large body of water to rest directly on the sheets exposed to 
the fire. This insures good circulation and _ facilitates 
examination, cleaning, and repairs. 


66, Ratio of Heating Surface to Grate Area.—In 
order to obtain the best results from a boiler, the tempera- 
ture of the products of combustion should pass into the 
chimney at as low a temperature as possible. To give these 
hot gases a chance to give up their heat to the water, a 
large amount of heating surface is necessary. The higher 
the rate of combustion, the greater should be the heating 
surface. 


6%. In practice, the ratio between the heating surface 
and grate area varies with the type of boiler and the rate of 
combustion. The following are average values: 


Heating Surface 


Type. Ratio = Grate Area 
Perv ey CINCH he. put sti che ia cence 12 to 15 
LENE GUEY WS, Ss Reset te Pay Meer tut GOT aan ener 20 to 25 
MUnailteatsuilotileatoee eye cue eaeye cecacrtentee rs. os 2 DLLOMOD 
AW GICIBIKCR Ing Bigy ticks ba Pepe ee ed cei mene 25 tor 30 
Vict he TRUM Gee eee muons ai fia enero si oi poets a Sk 39) Ke) 240) 
IL;oromukoiihwe geo kee wee oO moose OOS. 50 to 100 


From a large number of tests, Mr. G. H. Barrus con- 
cludes that with bituminous coal a return-tubular boiler 
gives the best results when the ratio is between 46 to 40, 
provided the rate of combustion is not more than 12 pounds 
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per square foot of grate surface per hour. Under the same 
circumstances the ratio should be 36 when the boiler uses 
anthracite coal. 


TUBE AREA. 


68. Since the products of combustion must pass through 
the tubes or flues, their combined cross-sectional area (usually 
called the tube area) must be large enough to allow the 
volume of heated gases to pass through them without inter- 
fering with the draft, and be small enough to retard the 
flow of gases sufficiently to allow them to part with the 
greater part of their heat. The average practice is to make 
the combined cross-sectional area of the tubes or flues equal 
to 1 to 4 of the grate surface for anthracite coal, and from 
1 to 4+ of the grate surface for bituminous coal. 


HORSEPOWER OF BOTLERS. 


69. Introduction. 


Strictly speaking, there is no such 
a thing as the horsepower of a steam boiler. The term has 
come into such extensive use, however, that an explanation 
of its various meanings is necessary. 

When first used, it signified that the boiler would furnish 
steam to an engine of the same horsepower; this meant that 
if a certain boiler furnished steam for a 30-horsepower 
engine, it would be called a 30-horsepower boiler; and if the 
same boiler furnished steam for a 50-horsepower engine, it 
would be called a 50-horsepower boiler. It is thus seen that 
this rating had no particular significance. 

7O. Standard Unit of Boiler Horsepower.—In order 
to have a definite value by which to compare boiler per- 
formances under different conditions, the American Society 
of Mechanical Engineers has decided that a standard boiler 
horsepower should be equal to the absorption of 33,330 B.T.U. 
by the water in the boiler. The standard boiler horsepower 
is given by the following rule, where 17 = weight of water 
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evaporated per hour in pounds; //= total heat of steam 
above 32° at pressure of actual evaporation; ¢ = termperature 
of feedwater; and 4 = standard boiler horsepower. — 


Rule 16.—Sudbtract the temperature of the feedwater from 
the total heat of 1 pound of steam above 82° at the pressure of 
the actual evaporation. Add 82 to the remainder and multi- 
ply this sum by the weight of water evaporated per hour. 
Divide the product by 33,830. 


W (H — t+ 32) 
Q >} — / 
sat B 33.330 


EXAMPLE.—A boiler receives the feedwater at 62° and evaporates it 
into steam at 85 pounds gauge pressure. If 2,300 pounds of water is 
then evaporated per hour, what is the standard horsepower of the 
boiler ? 

SOLUTION.—The absolute steam pressure is 85 + 14.7 = 99.7, or nearly 
100 pounds per square inch. At this pressure the total heat required 
to evaporate a pound of water from 32° is about 1,181.8 B. T. U. (See 
table of the Properties of Saturated Steam.) Then, applying the rule 
just given, we get 

2,300 (1,181.8 — 62 + 82) 
B= Sc Han 
33,330 


= 119.49 Et. PY Ams: 


G1. Relation Between Boiler Worsepower and 
Engine Horsepower.—The amount of steam used by 
engines per horsepower per hour varies within such wide 
limits that a horsepower rating based on heat absorption, 
that is, evaporation, is in itself no indication that a boiler of a 
given standard rating is the correct size for an engine of an 
equal power. Furthermore, the same boiler may generate 
widely differing quantities of steam under different con- 
ditions, the amount of steam generated depending primarily 
on the combustion rate and kind of fuel. Considering this 
fact, it is seen that the standard horsepower rating is a 
variable quantity of small value asa guide in the selection 
of a boiler. 


°72. Horsepower Rating Based on Heating Surface. 
It is the common practice of boilermakers to rate the horse- 
power of their boilers as a certain fraction of the heating 
surface expressed in square feet, each boilermaker using his 


H, S. IlI.—z20 
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own fraction for different types of boilers. These widely 
differing ratios between heating surface and horsepower 
average about as follows: 


Sq. Ft. of Heating Surface. 


Bele ee Rated Horsepower. 
Plait Cyl tivOrveall 5% ctra,gietiaya acs) aieiierecelet« 6 to 10 
OIG See Sek Sekar ow eter in aches srerets 8 to 12 
INU GUhahe bl eENRE coaa poms ooo co Uane orc 14 to 18 
WEGIEEICAL ec mccae ws ote uote nest etake sate hore 15 to 20 
Waiter stulloe) secrete Pen as ete 10 to 12 


For example, a boilermaker rates his tubular boilers as 
having 16 square feet of heating surface to the horsepower. 
Then, a35-horsepower boiler would have 35 x 16 = 560 square 
feet of heating surface. On the other hand, a similar 
boiler having 880 square feet of heating surface would be 
rated at §8,° = 55 horsepower. 

Since the heating surface is only one of the factors enter- 


ing into the quantity of steam generated per hour, it 
follows that a horsepower rating based on heating surface 
alone is of very small value as an aid in the selection of a 
boiler. About all that can be expected when buying a 
boiler according to this kind of rating is to receive an 
amount of heating surface depending on what ratio the maker 
of the boiler has adopted. The boiler, if thus bought, may 
or may not be suitable for the service it is to perform. 


SIZE OF CHIMNEYS. 


73. The formulas given below and the table calculated 
therefrom were first published by Mr. William Kent in 1884; 
they have since been extensively used and have met with 
much approval. The sizes given for the different com- 
mercial horsepowers are believed to be ample when the 
draft area through the boiler flues and connections is not less 
than 20 per cent. greater than the chimney area. When a 
number of boilers are connected to the same chimney, there 
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are usually long connections and a number of bends that 
increase the frictional resistances to the flow of the heated 
gases; in that case, both the height and the sectional area 
of the chimney may advantageously be increased. 
Let A = cross-sectional area of the chimney in square 
feet. 
fT = height of chimney in feet; 


V = commercial horsepower of boiler. 


tule 17. 


To find the commercial horscpower, subtract 
6 times the square root of the area of the chimney from the 


area. Multiply the remainder by 8.88 times the square root 
of the height. 

Or, X = 3.33 (A —.64/A) VA. 

Mr. Kent bases his estimate of the commercial horse- 
power of the boiler on a coal consumption of 5 pounds per 
indicated horsepower per hour; that is, he assumes that the 
plant will use 5 pounds of coal for each indicated horsepower 
developed by the engine or engines. Table IV has been 
ealcniated from rule 1%; hence, to find the number of 
pounds of coal burned per hour, multiply the figures in the 
table given under the heading ‘‘Commercial Horsepower” 
by 5. 

EXAMPLE.—Given, a chimney 100 feet high and having an area of 
5 square feet; find the commercial horsepower of the boiler plant for 
which the chimney is adapted. 

SoLurion.—Applying rule 17, we get 


X = 3.33 (5 — .6 4/5) 4/100 = 122 H. P., nearly. Ans. 


%4. A common rule for the area of the chimney is to 
make it 4 to+of the grate area. Then, the height of the 
chimney may be found by the following rule: 


Rule 18.—J/ultiply the horsepower by .38 and divide the 
product by the difference between the area and .6 times the 
square root of the area, and square the result, 


Ore H=(—="_). 
A= b (A 


TABLE IV. 


48 


SIZE OF CHIMNEYS AND HORSEPOWER OF BOILERS. 


BOILER 
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EXAMPLE.—For a 100-horsepower plant having 40 square feet of 
grate surface, using a ratio of grate surface to chimney area of 8 : 1, 
what height of chimney will be required ? 

SoLuTION.—Chimney area = 4? =65 square feet. Then, applying 
rule 18, we get 

eo) LOO) \2 
H= ie x.) = 67.24 ft. Ans. 
a AB VAD 

It is recommended that the rules here given be not applied 
much beyond the ranges given in the table, since absurd 
proportions may then be obtained. 


TABLE V. 


CHIMNEY PROPORTIONS OF RETURN-TUBULAR BOILERS. 


Horsepower of Boiler. 


10} 12) 1¢ 


cl 
res) 
i=) 
to 
ie | 
Se 
ise) 
ii 


40} 45/50/55 | 60) 70} 80]100)115 


=r 
vw 
(>) | 


5/150 


Diameter of 
boiler. 
Inches. . .|30/36/36/36)42|44)44/44/48/54/54/60/60/60)] 66) 66) 72/72 


Length of 
boiler. 
10}10)12)14/14)12)15)12/14/16)16)18)16)18 


ips) 
@) 
(er) 
rs 
ies) 
—- 
(oe) 
= 


Diameter of 
chimney. 
Inches. . .|14)16/16/16)20)22 

Height of 
chimney. 
Feet... .)24/24)28/35]35)35/40]50/50/40/50/40]50 60) 60]60| 60/60 


co] 
cow) 
w~ 
co) 
~~ 
we 


22/24/26/26)28)28)28] 30) 30) 34) 34 


%5. The E. Keeler Company of Williamsport, Penn- 
sylvania, for their return-tubular boilers, recommend the 
diameters and heights of chimneys given in Table V. In 
this table the rated horsepower of the boiler is one-fifteenth 
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of the heating surface. The size of chimney given is for a 
single boiler of the given dimensions, and the height is 
above the grate. 


%6. The same company recommends the heights and 
diameters of chimneys for single locomotive-type boilers 
given in Table VI, in which the rated horsepower of the 
boiler is one-tenth of the heating surface. In this table, 
the height of the stack is to be measured from the top of 
the boiler. 


TABLE VI. 


CHIMNEY PROPORTIONS FOR LOCOMOTIVE-TYPE BOTLERS. 


Horsepower of Boiler. 


15 | 20) 25) 380] 40) 50 60 70 | 80 | 100) 125} 150 
Diameter of boiler. 
Inches,......../82|34|36|40| 42) 44] 48| 54) 56) 60] 66| 66 
Length of firebox. 
iniGhic Suan ya ena 36 |42 |48/48| 48] 54] 60| 60] 60] 60! 6O| 66 
Width of firebox. 
Inichesaeanee ere. 26 28 |30 |34| 386] 388| 42] 48] 50) 54] 60] 60 
Length of tubes. 
Iinchesseeee eee 84 |90 |96 196 | 120] 132 | 138 | 144] 144] 168] 180] 192 
Diameter of chim- 
ney. Inches...|16)16)18)20|) 20] 22) 24) 24) 26) 30] 32] 32 
Height of chim- ; 
news iPeet...<* 24 124 124/24) 30] 36] 40) 40} 40] 46] 50] 55 
7%. The Phoenix Iron Works Company, Meadville, Penn- 


sylvania, recommend the heights and diameters of chim- 
neys for their horizontal return-tubular boilers given in 
Table VII. In this table the horsepower rating is based 


on an evaporation of 34} pounds of water from and at 
212° F, 


eee) 
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TABLE VII. 


CHIMNEY FROPORTIONS FOR RETURN-TUBULAR BOILERS. 


Rated Horsepower. 


10] 15 | 20) 25)30) 35 | 40} 45 |50)| 60 sore 80 |100)115/125/150/175/200 
| 

Diameter of 

boiler. 

Inches. .. ./30/36/36)42)42/44/44/48/54154/60|60/60/66|66/72/72/78/78 
Length of 

boiler. 

Petes inc 8} 8)10}10/12/12/14)14)12)15|12/14)16)16)18)16/18/18/20 
Diameter of 

chimney. 

Inches. . . ./14)16)16}18/18/20/20/22)24/24)28/28/28]30/30134134138138 
Height of 

chimney. 

WEES. es 28/28/3636) 40}40/50/50/40)60)40/50/60) 60} 70)/60)70]'70) 80 


48. While the heights of chimneys given in Tables IV, 
V, VI, and VII are generally satisfactory for free-burning 
coal, they may have to be increased if finely divided fuel is 
to be burned. In general, the finer the fuel, the greater 
the intensity of the draft required, and, consequently, the 
higher the chimney must be. For anthracite down to pea 
coal, it is rarely advisable to use a chimney of less height 
than 80 feet; when smaller sizes or bituminous slack are to 
be burned, a height of 100 feet is not excessive. For culm, 
a chimney 150 feet would be needed. If these chimney 
heights cannot be installed, owing to the expense in first 
cost, mechanical draft will have to be resorted to. 


99. Chimneys are usually built of brick, though in some 
cases iron stacks, which are often lined with brick, are 
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preferred, The external diameter of the base should be +5 
the height, in order to provide stability. The taper of a brick 
chimney is from ,'; to + inch to the foot on each side. The 
thickness of brickwork is usually one brick (8 or 9 inches) 
for 25 feet from the top, increasing 4 brick for each 25 feet 
from the top downwards. If the inside diameter is greater 
than 5 feet, the top length should be 14 bricks, and if under 
3 feet, it may be 4 brick, in thickness for the first 10 feet. 
The shell of iron stacks is generally the same size through- 
out its length; the lining, however, is made thinner from 
the bottom towards the top. 

A round chimney is better than a square one, and a 
straight flue is better than a tapering one. If the flue is 
tapering, the area for calculation is measured at its smallest 
section. The flue through which the gases pass from the 
furnaces to the chimney should have an area equal to, or a 
little larger than, the area of the chimney. Abrupt turns 
in the flue or contractions of its area should be carefully 
avoided, as they greatly retard the flow of the gases. Where 
one chimney serves several boilers, the branch flue from each 
furnace to the main flue must be somewhat larger than its 
proportionate part of the area of the main flue. 


SIZE OF SAFETY VALVE. 


AREA OF SAFETY VALVE. 


ce 


80. By the expression ‘‘ area of safety valve,’ we mean 
the area of the opening in the valve seat, or, in other 
words, the projected area of the surface of the valve in con- 
tact with steam when the valve is closed. 

The area of the valve should be at least large enough to 
discharge steam as fast as the boiler can generate it, for 
otherwise the steam pressure would rise even though the 
safety valve were open. Authorities differ greatly in their 
opinions regarding the area of valve that will be sufficient 
to fulfil this requirement. 
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81. Let G=grate surface in square feet; 
P= steam pressure, gauge; 
= weight of steam generated per hour in 
pounds; 
qv = weight of coal burned per hour; 
A = least area of safety valve in square inches. 


The Bureau of Steam Engine and Steam Boiler Inspection 
of the city of Philadelphia and the Hartford Steam Boiler 
Inspection and Insurance Company prescribe the following 
formulas: 

For natural draft, 


For artificial draft, 
1.406 w 
A ==... 
P+ 8.62 (2) 
The Board of Supervising Inspectors of Steam Vessels 
prescribe the following formulas: 


te 


For lever safety valves 


) 


. eee (c) 
For pop valves, 
A= cy (7) 
3 
Professor Thurston of Cornell University proposes 
5 W 
A = P+10 (2) 


The formulas here given are those in most common use, 
but will give widely varying results. 


82. A comparison of the results obtained by using the 
different rules given 1s shown in the following example: 


EXAMPLE.—With a boiler having a grate surface of 20 square feet, 
burning 400 pounds of coal per hour, and generating 8,000 pounds of 
steam per hour at 100 pounds gauge pressure, what should be the area 
of the lever safety valve ? 

SoLuTion.—Applying formula (a), Art. 81, we get 

22.5 « 30 


4 = 700 48.68 


= 6.21 sq. in. Ans, 
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By formula (c) we have 
Aap 4 80 = 15 sq. in. Ans. 

By formula (¢) we get 
_ 5X 8,000 


Se ee NBG sq. in. . 
Ss lh 13.64 sq. in. Ans 


Since different boiler inspectors and examiners of engi- 
neers usually have a preference for some particular rule, 
students when about to take an engineer’s examination are 
advised to find out by inquiry what particular rule the 
examiner prefers. For an actual design, the rule used by 
the boiler inspector in the locality where the boiler is used 
must, of course, be taken in order to have the boiler pass 
the inspection. 

For boilers not subject to legal inspection, formulas (a) 
and (0), Art. 81, may be used. 


83. Effective Area of Safety Valves.—By effective 
area is always meant the annular opening between the valve 
and its seat when the valve is lifted off its seat. This area 
depends on the angle of the seat and the vertical lift of the 
valve. It is the general practice to give the seat an inclina- 
tion of 45° to the axis. The effective area may be calculated 
by the following rule, 
where ad = diameter of valve in inches; 


/= lift of valve in inches; 
é = effective area in square inches: 


Rule 19.—Add half the lift to the diameter of the valve. 
Multiply this sum by 2.221 and by the lift. 


Or, c= (7+ =) 2.221 2. 


Rule 19 should be applied only to valves in which the seat 
makes an angle of 45° with the axis. 


ExampPLe.—What will be the effective area of a safety valve 4 inches 
in diameter with a vertical lift of .14 inch ? 


SoLuTion.—Applying rule 19, we get 


Ad 
ee (4 +p) X 2.221 x 14 = 1.2655 <q. in, Ans. 
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EXAMPLES FOR PRACTICE. 


1. What area of safety valve would be required for a boiler burning 
380 pounds of coal per hour under forced draft and carrying 80 pounds 
per square inch steam pressure? ‘The boiler is located in Philadelphia, 
Pennsylvania. Ans. 6.08 sq. in. 


2. What is the effective area of a 5-inch safety valve when lifted 
.14 inch off its seat ? Ans. 1.5765 sq. in. 


REENFORCING RINGS. 


INTRODUCTION. 


84. Purpose.—When manholes are cut into the shell of 
cylindrical boilers, the opening must be reenforced either by 
one or by two reenforcing rings in order to make up for the 
loss of strength occasioned by the cutting of a large hole 
through the sheet. When only one reenforcing ring is used, 
it may be placed either inside or outside of the shell; when 
two rings are used, one is placed inside and one outside of 
the shell. The thickness of a single reenforcing ring may be 
from 1.25 to 1.5 times the thickness of the shell plate; when 
two rings are used, the thickness of each may be equal to 
the thickness of the shell. 

Reenforcing rings must be securely riveted to the shell, 
and the rivets must be so proportioned and their number 
must be such that their combined resistance to shearing 
will be at least equal to the resistance of the reenforcing 
rings to a tensile stress. The rings should be made of the 
same material as the shell. 


RULES FOR DESIGNING REENFORCING RINGS. 
85. Symbols.— 
Let w = width of reenforcing ring; 

¢ = thickness of reenforcing ring; 

d = diameter of rivet when driven; 

¢, = thickness of shell plate; 
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T = tensile strength of the ring per square inch of 
section; 

a@=net section of the ring; 

S = shearing strength of rivet per square inch of 
section ; 

/= length of opening in shell; 

= Dumber OL Tivets. 


86. Rule 20.—7o find the width of the reenforcing ring 
when but one ring ts used, multiply the length of the opening m 
the shell in the direction of the length of the botler by the thick- 
ness of the shell; divide this product by twice the thickness of 
the reenforcing ring and add the driven diameter of the rivet 
to the quotient, if one row of rivets ts to be used. Tf the ring 
ts to be double-riveted, add twice the driven diameter of the 
rivet to the quotient. 


lt : : 
Or, Ue i - d for a single-riveted ring, 
ey . : : 
and w= ow + 2d for a double-riveted ring. 


EXAMPLE.—A manhole opening is 11 x 15 inches, measuring 
11 inches in the direction of the length of the boiler. If the shell plate 
is $ inch thick and a single-riveted reenforcing ring 2 inch thick is to 
be used, how wide should it be? The rivetsare to be 1 inch driven size. 


SOLUTION.—Applying the rule just given, we get 


= Se Aenin a eouT Se 


8%. Rule 21.—7o find the width of a reenforcing ring 
when two rings areused, multiply the length of opening in the 
shellin the direction of the length of the boiler by the thickness 
of the shell, divide this product by 4 times the thickness of the 
rings and add the driven diameter to the quotient for single- 
riveting. Lor double-riveting, add twice the driven diameter 
of the rivet. 


/¢ : : ; 
Or, w= re; d for single-riveted rings, 
and w= —~ + 2¢ for double-riveted rings. 


4¢f 
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ExampLe.—A manhole opening 12 x 16 inches, measuring 16 inches 
in the direction cf the length of the boiler, is to be reenforced with 
two rings # inch thick. The shell plate being ? inch thick and 1 inch 
rivets (nominal size) to be used, what should the width of the rings be 
for single-riveting ? 

SoLtuTion.—The driven size of rivet = 1+ 3 = 1}, inches. Apply- 
ing rule 21, we get 


88. In the calculation of the minimum number of 
Fivets, the net section of the fing is used. For single- 
riveting, the net section is found by subtracting the driven 
diameter of the rivet from the width of the ring and mul- 
tiplying the remainder by the thickness of the ring. For 
double-riveting, subtract twice the driven diameter of the 
rivet from the width of the ring and multiply the remainder 
by the thickness of the ring. 

The trial nominal diameter of the rivets for a single reen- 
forcing ring may be made about equal to the thickness of 
the shell plate + {4 inch; for two reenforcing rings it may be 
made about equal to the thickness of the shell plate + 5% inch. 


89. Rule 22.—7o find the number of rivets for a single 
reenforcing ring, multiply the net section of the ring by 
4 times the tensile strength of the material and divide this 
product by the product of the shearing strength of the rivet 
and tts area. 

O AT a 

Li (= (ahaa ee 
j S2* xX 7854 
EXAMPLE.—How many rivets 1% inch in nominal diameter are to 
be used for a single reenforcing ring 4 inch thick and 4 inches wide? 
Take the tensile strength of the ring as 60,000 pounds and the shearing 
strength of the rivets as 38,000 pounds per square inch of section. The 
reenforcing ring is to be single-riveted. 

SoLtuTion.—The driven size of the rivet ist? +4,=inch. The 
net section of the ring is (4— 4) X = 1.56 square inches. Applying 
rule 22, we get 

1.56 « 4 x 60,000 


= — = <oeqj = 17. Ans. 
38,000 « (4)? & . 7804 


a 
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90. Rule 23.—7o find the total number of rivets for a 
pair of equal reenforcing rings, multiply the net section of 
one ring by 8 times the tensile strength of the material, and 
divide this product by the product obtained by multiplying 
together 1.85 times the shearing strength of the rivet per 
square inch of section and the arca of the rivet. 


87a 


ON 1.85 Sa? x .7854 


; nu 

EXAMPLE.—In a manhole reenforced by a pair of reenforcing rings, 
the rings are # inch*thick and 4} inches wide. With single-riveting, 
how many 18-inch rivets should be used? Take the tensile strength of 
the rings as 60,000 pounds per square inch and the shearing strength of 
the rivets as 38,000 pounds per square inch, 

SoLuTion.—The driven size of the rivet is4%+4,=Jinch. The 
net section of the ring is (44 —1) xk }=2.44 square inches, nearly. 
Applying rule 23, we get 


8 x 60,000 x 2.44 


Eee E Sot dive, Ane 
1.85 XX 38,000 x 12 x 1854 RS alee 


a 


91. When it is believed that the number of rivets given 
by an application of rules 22 and 23 is too small, so that the 
rivets will be too widely spaced, a smaller diameter of rivet 
may be chosen and the proper rule applied again to find the 
aumber of rivets. Conversely, when the number of rivets 
becomes too large, so that they will come too close together, 
a larger diameter of rivet should be chosen and the proper 
rule applied again. 

Reenforcing rings whose width is made as called for by 
rules 20 and 21 will have a total net cross-sectional area 
equal to the cross-sectional area of the metal removed from 
the shell. By total cross-sectional area is here meant twice the 
net sectional area of the ring for a single ring, and 4 times 
the net sectional area of one ring when two rings are used. 
The rules for the number of rivets make the resistance of the 
rivets to shearing equal to the resistance to a tensile stress of 
the ring orrings. There is nothing tobe gained by making 
the rivets more numerous than called for by rules 22 and 23. 


ECONOMIC COMBUSTION OF COAL. 


GENERAL PRINCIPLES OF 
COMBUSTION. 

1. Since fuel, chiefly in the form of coal, is the source 
of all the energy made available by the steam engine, a 
study of the principles governing the economical generation 
of power by means of the steam engine must begin with a 
study of the combustion of fuel and the means of prevent- 
ing a waste of heat by guarding against those conditions 
that tend towards incomplete combustion. Heat lost by 
imperfect combustion cannot be recovered by any means; 
no arrangement of elaborate and economical machinery in 
the engine room will utilize the energy wasted in the fire- 
room through ignorance or carelessness on the part of the 
fireman. Furthermore, one of the most serious problems 
confronting the steam engineer is the burning of soft coal 
without the formation of black smoke, and this problem 
depends for its solution more on intelligent work in the fire- 
room, which involves a knowledge of economic combustion, 
than on patented furnaces. 

2. A general outline of the properties of the more 
important fuels and the elementary principles of combustion 
have already been given, but in order to better understand 
the principles underlying complete and economical combus- 
tion and smoke prevention, a more detailed study of the 
physical and chemical changes occurring in the furnace will 
now be made. 

Sy 
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PHYSICAL AND CHEMICAL OCCURRENCES OF 
COMBUSTION. 


3. Bituminous coal is composed largely of various com- 
pounds of carbon and hydrogen called hydrocarbons. When 
the coal is heated, these compounds are driven off partly 
in the form of permanent gases and partly as vapors that 
may easily be condensed or changed to a liquid form. The 
process of separating the gases and vapors from the part of 
the coal that cannot be vaporized by the mere action of 
heat is called distillation; the substances driven off from 
the coal by heat are called volatile substances, while the 
portion remaining forms coke, which is composed chiefly of 
carbon. ‘This carbon is called the fixed carbon of the coal. 


4, Classification of Volatile Substances.—The vola- 
tile substances may be divided into two classes, viz., non- 
combustible and combustible substances. 

The first class consists mostly of water, free oxygen, and 
nitrogen; these are driven off when the coal is heated—the 
water as steam and the gases in their free state. 

The second class consists of the hydrocarbons, which com- 
prise numerous compounds of hydrogen and carbon. When 
the coal is heated, part of the hydrocarbons are driven off 
in a gaseous form and part as vapors. 


3. The principal gases in the volatile combustible are 
‘arbureted hydrogen, or marsh gas, consisting of 1 atom 
of carbon and 4 atoms of hydrogen, as shown by its sym- 
bol CH,, and olefiant gas, C,H,. With many coals, free 
hydrogen is given off in considerable quantities; small 
quantities of other less important gases are also generally 
present. 

The vapors are mostly coal tar and naphtha, with small 
quantities of sulphur. Their presence can be detected by 
placing a cold iron bar into the yellow gases rising from a 
fresh charge; a sticky coating, consisting mostly of the 
condensed tar, will form on the cold metal. 
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6. The proportion of the volatile matter in coal depends 
on its composition, Anthracite consists almost entirely of 
fixed carbon and ash; in some bituminous coals, the greater 
part is volatile. The relative proportions of fixed gases and 
condensible vapors in the volatile parts of coal also vary 
with the composition of coal. In some cases the volatile 
matter contains considerable quantities of the tarry vapors 
and heavy hydrocarbon gases, as C,//,, while in others it 
consists largely of the light marsh gas CH, and free 
hydrogen. 

The quantity and composition of the volatile matter 
depends not only on the composition of the coal itself, but 
also on the conditions under which distillation takes place, 
a difference in the temperature and the presence or absence 
of air or steam modifying the composition of the vapor and 
gases to a very great extent. Irregular firing and draft 
result in a great difference in the quantity and composition 
of the gas burned in the furnace at different periods. 


4. With few exceptions, coal contains small quantities 
of sulphur, usually in combination with some other element; 
one of the most common compounds is that of sulphur and 
iron, known as iron pyrites. When the coal is heated, the 
sulphur is separated trom the iron and burns to sulphur 
dioxide, SO, The heat derived from the combustion of the 
sulphur found in coal is small, but the sulphur dioxide 
formed, in combination with the moisture in the gases, cor- 
rodes iron very rapidly; any relatively cold metal exposed 
to the gases from coal rich in sulphur is rapidly corroded 


and destroyed. 


8. Conditions Involved in the Combustion of Vola- 
tile Substances.— At the temperature generally existing in 
a boiler furnace, the tar and other liquids vaporize and mix 
with the gases. This gaseous mixture is readily burned 
under proper conditions of air supply and temperature. The 
conditions involved in the combustion of the gases and 
vapors may readily be studied by the aid of the flame of 
a common tallow candle. The tallow forms a supply of 


Sa er 
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solid ‘hydrocarbon that, under the action of the heat of 
the flame, is liquefied; then, by capillary attraction, it is 
drawn up into the wick to a point 

* where the heat is sufficient to vapor- 

ize it. A process of distillation here 
goes on, and a blue, transparent, 
cone-shaped mass of vapor and gas, 
shown atc, in Fig. 1,isformed. The 
heat of the flame causes a current 
of air to approach from all sides and 
provides a supply of oxygen that 
comes in contact with the surface of 
the hot cone of vapor. The air that 


reaches this part of the flame, how- 


Fic. 1. 


ever, is not sufficient for the complete 
combustion of the vapor; and since the hydrogen in the hot 
cone has a greater affinity for oxygen than it has for carbon, 
it combines with all the available oxygen and burns to 
water, //,0. The carbon is left in the form of minute solid 
particles that become highly heated and give this part of the 
flame its bright yellow color. As the hot particles of carbon 
rise, they come in contact with the inward current of air, 
which furnishes oxygen sufficient to burn them to CO,. The 
gas so produced, mixed with the //,O from the luminous 
portion 6 of the flame, forms the nearly colorless outer and 
upper section @ that gradually mixes with the surrounding 
air, cools, and becomes wholly invisible. 


9. If we insert the end of a glass tube into the inner 
cone of the flame, as shown in Fig. 2, a part of the gas that 
has not. yet received a supply of air may be drawn off. In 
passing through the tube, this gas is cooled below the tem- 
perature at which it will burn and issues from the tube into 
the air without igniting. By applying a lighted match to 
this gas and heating it, it may be lighted and burned. This 
simple experiment illustrates two of the most important 
principles involved in the economical combustion of the 
gases in a boiler furnace. It shows: /77s/¢, that the gas 
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that has been cooled below the temperature of the ignition 
cannot be burned merely by furnishing a supply of. air. 
Second, that when the gas is sup- 
plied with air, it can be burned 
if its temperature is raised to 
the igniting point. 


10. Igniting Temperature 
of Carbon and Volatile Sub- 
stances.—In order to burn the 
fixed carbon that is in the coal, 
a high temperature is needed to 
cause the atoms of carbon to 
combine with the oxygen sup- 
plied by the air. The igniting 
temperature of the fixed carbon 
and also of the volatile sub- ° 
stances is estimated to be about 
1,800° F. Since the maximum 
temperature in the furnace 
rarely exceeds 2,500° F. and is ordinarily several hundred 


degrees less, it is seen that on account of the relatively small 
difference between the igniting temperatures of the carbon 
and gases and the maximum temperature in the furnace, 
constant care is needed to prevent the temperature in 
the furnace falling below 1,800° F. The temperature in 
the furnace can be judged quite accurately by the appear- 
ance or color of the fire in accordance with the relation 
between color and temperature given in the accompanying 
table. 

When the supply of air is sufficient and the tempera- 
ture high enough, the carbon burns to carbon dioxide, CU,, 
which, being the product of complete combustion, is incom- 
bustible. With a high temperature and deficient air sup- 
ply, carbon monoxide, CO, is formed. Since this gas is the 
product of incomplete combustion, it can be burned to CO, 
by bringing it into intimate contact with air while highly 
heated, 
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RELATION BETWEEN COLOR AND TEMPERATURE. 


Tempera- Tempera- 

ture. wabbater 
Degrees Appearance. Degrees Appearance. 
Fahren- Fahren- 

InVeN heit. 

980 Red—just visible 2,010 Dull orange 
1,290 Dull red 2,190 Bright orange 
1,470 Dull cherry red 2,370 White heat 
Oo Full cherry red 2,550 | White, welding heat 
1,830 Bright red 2,740 |White, dazzling heat 


11. Chemical Occurrences of Burning Solid Carbon. 
When solid carbon burns on a grate, the chemical changes 
or reactions are about as follows: Some of the oxygen of the 
air that rises through the grate combines with the first 
layers of hot carbon in the proportion of 2 atoms of oxygen 


to 1 atom of carbon, and carbon dioxide, CO,, is formed. 


99 
As the gases rise through the fire, more of the oxygen com- 
bines with carbon, and as long as the supply of air is suffi- 
cient and well distributed, the combination is mostly in the 
proportion that produces CO, With a thick bed of fuel, 
however, or an arrangement of the fuel that does not per- 
mit of a proper distribution of the air, there will be some 
portions of the fire in which the supply of oxygen is not 
great enough to furnish the 2 atoms for the production 
of CO,; only 1 atom of oxygen will be available for com- 
bination with some of the carbon atoms burned, and the 
product will be CO. Further, when a molecule of CO, 
comes into close contact with the hot carbon, the attraction 
of the carbon for oxygen is so great that 1 atom of the 
oxygen leaves the CO, and combines with an atom of car- 
bon; 2 molecules of CO are thus formed, one by the sep- 
aration of one of the oxygen atoms from the molecules 
of CO, and the other by the combination with an atom of 


S 1% ECONOMIC COMBUSTION OF COAL. Z 


carbon of the oxygen atom so released. The separation of a 
given weight of CO,into CO and O absorbs as much heat as 
was developed when the CO combined with oxygen to form 
the CO,; the net production of heat is the same whether 
a certain amount of carbon is burned to CO directly and 
passes off in that form, or a part of it is first burned to CO, 
and this gas is then decomposed with the production of CO 
and oxygen that combines with the remainder of the carbon 
to form CO. The carbon monoxide formed in the fuel bed 
passes into the furnace, and if there is not sufficient oxygen 
present or if the temperature is not high enough, it will 
pass away unburned. If sufficient oxygen is present and the 
furnace temperature is high enough, each molecule of CO 


will combine with another atom of oxygen and thus burn 
to CO... 


’ 


12. Acareful study of the above outlines of the processes 
involved shows that economical combustion, both of the 
volatile matter and of the solid carbon, involves the follow- 
ing essential conditions: (1) There must be a supply of air 
sufficient to furnish the oxygen required for complete com- 
bustion. (2) This air must be so distributed as to bring the 
oxygen into intimate contact with all parts of the fuel. 
(3) The temperature must be high enough to bring about 
the combustion. W7th either of these essentials lacking, there 
w¢ll be incomplete combustion and a loss of heat. 


SMOKE. 


CLASSIFICATION OF SMOKE. 


13. The smoke arising from an ordinary fire may prop- 
erly be divided into two classes: /7rs/, the partly condensed 
tarry vapors produced by the distillation of the fuel, 
second, the minute particles of solid carbon left when the 
hydrocarbons are but partially burned. Smoke of the 
second class is so objectionable that in many cities there 
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are special ordinances that either prohibit the burning of 
soft coal or require it to be burned in such manner that 
there is no formation of smoke. 


FORMATION OF SMOKE. 


414. When hydrocarbons are heated in the presence of 
air, the affinity of the hydrogen for oxygen is great enough 
to cause it to separate from the carbon and combine with the 
oxygen. If the supply of air is sufficient and the tempera- 
ture is great enough, the carbon set free will burn and no 
smoke will be produced. If, however, there is a limited 
supply of air or too lowa temperature for their combination 
with oxygen, the carbon atoms will combine with each other 
and form molecules of carbon that collect into minute par- 
ticles of solid carbon. It is the presence of these hot-carbon 
particles that gives color to the flame of an ordinary lamp 
or fire. If they can be supplied with oxygen at a high 
enough temperature, they will burn, as we saw in the flame 
of the candle, Fig. 1. Under unfavorable conditions, how- 
ever, these solid particles of carbon do not burn, but are 
deposited as soot or are carried out of the furnace with the 
gases as smoke. The nature of these unfavorable con- 
ditions can well be studied by considering the action of an 
ordinary kerosene lamp. With a good chimney, a flame not 
too high, and a clean burner, the lamp burns with a bright, 
steady flame and no smoke. The bright flame indicates a 
high temperature and the absence of smoke shows that the 
air supply is ample and well distributed. Insert a cold iron 
rod into the flame from the top of the chimney; a deposit of 
soot—unburned carbon—collects on the rod and the gas that 
rises along the sides of the rod is cooled so much that a part 
of the carbon is not burned and considerable smoke is formed. 
Interfere with the air supply by partly closing the top of the 
chimney or the holes in the burner; a cloud of smoke is 
formed. Remove the chimney, so as to interfere with the 
distribution of the air to the lower part of the flame while a 
large volume of cold air meets the upper part, and we have 
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a case in which the carbon is cooled by the action of an 
excessive supply of cold air imperfectly distributed. Turn 
the wick too high, and there is more gas formed than can be 
supplied with air before it gets too cold for the carbon to burn. 


SMOKE PREVENTION. 

15, It is seldom that the supply of air to a boiler furnace 
is not great enough to burn the carbon and prevent the 
formation of smoke; in fact, it is often found that large 
volumes of smoke are accompanied by a liberal supply of 
oxygen. The more common condition when smoke is 
formed is too low a temperature of the fire or a distribu- 
tion of the air that prevents oxygen from reaching the 
carbon before it is cooled by contact with the boiler plates. 
Heavy firing, by means of which large volumes of gas are 
formed and the furnace greatly cooled, is one of the most 
prolific causes of smoke production. Owing to the high 
ignition temperature of solid carbon, smoke, when once 
formed, is extremely difficult to burn. With properly con- 
structed furnaces, good draft, and careful management 
smoke prevention is possible; smoke consumption, however, 
may be said to be practically impossible under any of the 
conditions existing in the furnace of a steam boiler. 


16. If the bed of burning fuel is thick and the draft 
sluggish, carbon monoxide will rise from the surface of the 
fire, and if it is not burned to carbon dioxide by mingling 
with air admitted above the fire, it will pass through the 
flues and cause a great loss of heat, about 10,100 B. T. U. 
for each pound of carbon. 

Two remedies for this type of loss are available. /7rsv, 
the fuel bed may be made so thin that sufficient air can enter 
through the grate either to prevent the formation of carbon 
monoxide or to burn it to carbon dioxide as soon as it is 
formed. Second, sufficient air to burn the carbon monoxide 
that rises from the coal may be admitted into the furnace 
above the fire. If there isa brisk fire and a high tempera- 
ture in the furnace, the carbon monoxide can be easily 
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burned by either of the two methods given, a short, pale 
blue flame being produced near the surface of the fuel. 
With a slow, dull fire, the temperature in the furnace may 
be too low to ignite the escaping gas, which will pass out 
with any air that may be present, no combination taking 
place. There is, thus, a double loss; heat is wasted not 
only by the escape of carbon monoxide, but also by the 
heating of the excess of air, 


1%. The presence of unconsumed carbon monoxide is not 
easily detected by mere observation, owing to the gas being 
colorless. By regulating the fire, however, so that a high 
temperature is maintained in the furnace, and by watching 
the surface of the burning fuel to see that sufficient air is 
present to produce the pale blue flame previously mentioned, 
we can make reasonably sure that the amount of uncon- 
sumed carbon monoxide will be exceedingly small. 

With a large grate anda very low rate of combustion, 
there is usually considerable formation of unconsumed CO, 
owing to the relatively low temperature in the furnace. 
The remedy is to restrict the grate area by bricking up with 
one or more courses cf firebrick so as to secure a higher rate 
of combustion and the consequent high temperature. 
Simply admitting more air, when there is a very low rate of 
combustion, is liable to aggravate the heat losses, since it 
will result in still further lowering the temperature of the 
furnace. 

The escape of unconsumed hydrocarbon, with its attend- 
ant loss of heat, is more readily detected by direct observa- 
tion of the fire than that of carbon monoxide, especially when 
the loss from this source is large. The yellowish vapors that 
rise from freshly fired coal are familiar to all firemen and 
are an evidence of unconsumed hydrocarbons. When the 
heavier hydrocarbons are contained in the smoke in consid- 
erable quantities, the smoke from the chimney is yellowish 
in color and has a tarry odor. 


18, Conditions for Complete Combustion of Hydro- 
carbons.—The conditions required for the complete 
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combustion of the hydrocarbons are the same as for the fixed 
carbon of the fuel; that is, a sufficient air supply, an intimate 
mixture of the air with the gases, and a high temperature. 
In practice it seldom happens that a large part of the car- 
bon in the volatile matter escapes unburned, even when a 
great deal of black smoke is produced. Owing to its finely 
divided state, a small quantity of carbon will give a high 
color to a large volume of gas coming from a chimney, and 
there will appear to be a serious waste when the actual heat 
loss is really comparatively small. 

Numerous careful tests have shown that the production of 
black smoke does not necessarily represent a great loss of 
efficiency. In many cases it has even been found that a 
reduction of efficiency accompanied the use of furnace 
arrangements that were successful in preventing smoke. 
The reason for this appears to be that the gases were burned 
with a large excess of air, which while so controlled as to 
burn the carbon to CO or CO,, thus rendering it invisible, 
carried much more heat from the furnace than was devel- 
oped by the comparatively small weight of carbon that would 
have:appeared in the smoke. The losses due tosolid carbon 
falling into the ash-pit, the escape of unburned hydro- 
carbons, incomplete combustion of the fixed carbon on 
the grate, and a needless excess of air are always much 
more serious than the loss due to the formation of black 
smoke. 

Although smoke in itself represents no serious loss of heat, 
its production in large quantities is often the result of con- 
ditions that produce imperfect combustion of the carbon 
monoxide and the hydrocarbons. A low furnace tempera- 
ture, the piling of coal on the fire in such large quantities 
that an excessive volume of combustible gas is given off 
while, at the same time, the furnace temperature is lowered 
by the heat absorbed in the process of distilling the volatile 
matter from the freshly fired coal, and also the admis- 
sion of large volumes of cold air tend to produce black 
smoke and, besides, represent serious and unnecessary heat 
losses. 
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19, Effect of Moisture on Combustion.—There are 
processes accompanying the combustion of coal in the boiler 
furnace that in themselves absorb great quantities of heat 
and, in consequence, have an important bearing on the 
question of complete and economical combustion. All mois- 
ture that enters the furnace with the fuel must be evaporated 
at the expense of the heat developed by the combustion of 
the coal; the vapor thus formed passes out of the chimney 
at a temperature seldom less than 400 degrees. Assuming 
that the moisture enters the furnace at a temperature of 
70° and leaves at 400°, 1,200 B. T. U., nearly, will be lost for 
each pound of moisture in the coal. Moisture in coal can 
only be driven off by heating it above ordinary temperatures, 
but it will be readily absorbed at ordinary temperatures; 
hence, it isimportant that coal when stored is not exposed to 
rain—it should always be stored undercover. In some cases 
it may be advantageous to wet bituminous coal; when wet, 
especially if the coal is fine, it cokes better and there is, thus, 
less waste from coal fallinginto the ash-pit. Wetting is only 
recommended for bituminous slack and anthracite culm, and 
should be as moderate as will secure the results desired. It 
would be much better, however, when the draft is moderate 
to use grates having smaller openings. When the draft is 
exceptionally strong and very fine coal is burned, wetting 
becomes almost a necessity. If not done, the strong draft will 
actually carry a large percentage of the fine coal up the stack. 


20. The distillation of the volatile matter is a process 
that, with all bituminous coals, and to a lesser degree with 
anthracite, absorbs a great deal of heat. The effect of this 
absorption of the heat is clearly shown by the drop in the 
steam pressure when a large quantity of fresh coal is thrown 
on the fire, which drop is largely due to the lowering of the 
furnace temperature through the heat absorbed by the 
distillation of the volatile matter. While the absorption of 
heat is necessary to drive off the volatile combustible, the 
losses attendant to a lowering of the furnace temperature can 
be minimized by frequent light charges of coal. 
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METHODS OF SECURING AN AIR SUPPLY. 


21. It has been shown that the complete and economical 
combustion of coal and the prevention of smoke depend 
primarily on a sufficient air supply being brought into 
intimate contact with the fixed carbon and volatile combus- 
tibles. Without the proper distribution of the air supply, the 
high temperature necessary for complete combustion cannot 
be maintained; therefore, different methods of securing this 
distribution will now be considered. 


One of the best 
methods of supplying the air is that in which the fire is thin 


22, Air Supply Below the Grate. 


and open enough to permit sufficient air to rise through the 
grate and fuel bed. The advantages of this method are as 
follows: 

The air, in rising through the fuel bed, becomes highly 
heated. If a clean, even fire is maintained, the air supply is 
well distributed and comes in intimate contact with the gases 
almost as soon as they are formed; theairand gases are thus 
thoroughly mixed in the vicinity of the hottest part of the 
furnace and complete combustion follows. The danger of 
chilling the boiler plates by a current of cold air is less than 
when the air is admitted at any point above the grates. 


23. With this method of air supply, the firing must be 
carefully done; the fire must be maintained at a moderate 
and even thickness, the grates must be kept clean, and each 
air space must be kept as free from clinkers as possible. No 
bare spots should be allowed to form, and, finally, the coal 
should be supplied in small quantities and often, each 
shovelful being spread over as much surface as possible. 
Large lumps should always be broken before being fired, and 
in no case should a thick mass of freshly fired coal be allowed 
to collect in any part of the furnace. Such a method of 
firing demands care and close attention on the part of the 
fireman, but if itis carefully followed, the coal will be burned 
in a very economical manner and without the formation of 
black smoke. The reduction in the amount of coal that must 
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be handled will, in a great degree, make up for the apparent 
increase in labor connected with such a system of firing. 
The thickness of the bed of fuel to be used with this system 
of firing depends on the quality of the fuel and the intensity 
of the draft. In general, it may be stated that the best 
results will be obtained with a good strong draft that will 
permit of a fuel bed, with reasonably good bituminous coal, 
of from %7 to 12 inchesin thickness. The thickness can best be 
determined by actual trials and carefully watching the results. 


24, Air Supply Above the Grate. 
cases it is impracticable, or at least difficult, to regulate the 


In a great many 


fire so carefully as to secure a proper supply of air through 
the grates. For example, in locomotive work, where the 
demand for steam and the intensity of the draft are very 
irregular, it is found to be practically impossible to maintain 
a depth of fire that will conform to the irregularity in the 
conditions of running. The heavy currents of air drawn 
through the thin bed of fuel by the irregular action of the 
exhaust tear holes in the fire if it is kept too thin, thus 
allowing large quantities of cold air to enter at one place; 
these currents of cold air, in addition to their evil effects on 
the combustion of the gases and their chilling effect on the 
boiler, often carry considerable quantities of solid fuel into 
the flues. 

It is seldom that the conditions are as unfavorable in 
stationary practice as in locomotive work, but there are many 
cases in which the irregularity of the draft or of the demand 
for steam are considerable; the quality of the fuel may also 
make it very difficult to keep a clean, open fire that will 
permit the steady supply of air demanded; it is therefore 
often essential that means be provided for furnishing at least 
a part of the air required to burn the gases through openings 
above the grate. Of the methods used for this purpose, the 
one most commonly found is, perhaps, either a partly opened 
fire door or some special arrangement of openings through 
the fire door that serve as an inlet for the air and distribute 
it over the fire in a more or less satisfactory manner. 
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A partly opened door must be regarded as one of the most 
unsatisfactory means of getting air into the furnace that 
could be devised. The air enters in a large stream that is 
more likely to cool the small proportion of the gas that it 
reaches below its ignition temperature than it is to promote 
its combustion; further, the concentrated current of cold air 
is almost sure to strike a limited section of the furnace, 
which section becomes chilled; this, in turn, produces severe 
stresses in the boiler plates. Much more satisfactory 
results are obtained when the door is provided with special 
openings that serve to divide the entering current of air 
and distribute it over a considerable part of the grate. The 
perforated inner door is particularly useful in this respect; 
it serves the combined purpose of protecting the outer door 
from the heat radiated from the fire and of dividing the 
entering current of air intoa large number of small jets that 
are considerably heated in their passage over its surface and 
are then distributed to the fire through the perforations and 
around the edges of the plate. 


25. With a large furnace, itmay be difficult either to 
admit sufficient air through the door to supply all parts of 
the furnace or to properly distribute the air so admitted. 
To remedy this defect, various methods of introducing the 
supply at the sides of the furnace and at the bridge wall have 
been devised. In locomotive boilers, a few rows of hollow 
staybolts are sometimes used just above the surface of the 
fire; these admit air in small jets that enter that part of the 
furnace least likely to be reached by air from the door, at 
right angles to the current of the gases, and the air is thus 
more easily mixed withthe gas than would be the case if the 


currents were parallel. 


26. Supplying Air to Externally Fired Boilers.—A 
method employed in furnaces for externally fired boilers is 
the use of hollow tiles that lead air to the side of the firebox 
and deliver it in small jets through openings in the brick- 
work above the surface of the fire. In many cases the con- 
duits through which the air enters are placed in positions 
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that are intended to insure the heating of the entering air, 
thus delivering it at a high temperature and promoting com- 
bustion. So far none of these special devices for supplying 
air to the sides of the furnace have been sufficiently successful 
to secure their extensive use. It seems that their advantages 
are much more apparent than real. There can be no great 
gain in any attempt to heat the air, since the quantity that 
must flow through a given passage will be so great that its 
temperature will be but little elevated, unless the conduit is 
longer or the temperature to which it is subjected is greater 
than is practicable in the construction of most furnaces. 

Another point that would seem to be unfavorable to the 
success of any attempt to introduce air through the sides of 
the furnace is the difficulty of controlling the quantity so 
introduced in accordance with the varying conditions of 
draft and fuel supply. 


2%. Air Supply in Bridge Wall.—Numerous methods 
of introducing air through openings in the bridge wall have 
been devised, some of which have been put into more or less 
successful practice. In many of these devices attempts have 
been made to heat the air so introduced by passing it 
through some part of the furnace or setting in which there 
is a high temperature. Such attempts, however, have 
probably never resulted in sufficient benefit to pay for the 
expense involved in the more complex construction of the 
furnace. 

The admission of air through properly constructed open- 
ings in the bridge wall and above the fire has been shown, 
by experiment, to produce economical results when a bitu- 
minous coal, rich in volatile matter and producing a long 
smoky flame, isused. The openings through the bridge wall 
should be so arranged as to discharge the air in a number of 
jets at a right angle to the direction of flow of the gases. 
The space back of the bridge should then be large enough 
to form a combustion chamber in which there will be a 
thorough mixture and complete combustion before the air 
and gas are chilled by entering the tubes. A large space 
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produces a relatively moderate velocity of flow of the gases, 
which is favorable to the intimate mixture of the air and gas. 


28. Introduction of Air at High Temperatures.— 
While it would be an advantage to have the air enter at a 
high temperature, no means have yet been devised that will 
accomplish this in an economical manner. Of course, the 
temperature of the air is raised to a slight degree in its pas- 
sage through the ash-pit, or the openings in the setting 
leading to the bridge, and in passing through the bridge to 
the openings through which it is discharged, but the actual 
gain by this means is relatively unimportant, even when 
rather elaborate systems of passages are used. 

29. Some of the difficulties attendant on this method are 
the following: 

In order to prevent loss from too much or too little air, 
the passages must be controlled by dampers that should be 
regulated according to che condition of the fire and the rate 
of combustion; this demands close attention and intelligent 
care on the part of the fireman, who must either maintain 
nearly constant conditions in the furnace or change the 
dampers as often as there is a material change in the con- 
dition of the fire. The passages through the bridge wall 
may give trouble by becoming clogged with ashes and 
clinkers pushed back from the fire during cleaning or carried 
back by the draft, and so become useless. The method is 
limited in its application to furnaces so constructed that 
there is room for a combustion chamber of considerable size, 
in which mixture and combustion may take place before the 


gases are cooled. 


SHAPE AND SIZE OF FURNACE. 


30. The lowest temperature at which ignition of the 
gases can take place is about 1,800°; by reference to the 
Steam Table, it is seen that the temperature of the water in 
the boiler, even under a pressure of 200 pounds per square 
inch, is less than 400°; this is practically the temperature of 
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the surface of the boiler. It is therefore evident that any 
gas that comes into close contact with the boiler before 
being burned will be cooled below the point of ignition, and, 
unless subsequently heated, will be carried to the chimney 
unconsumed. With coals containing large quantities of 
volatile matter and burning with a long smoky flame, it 
follows that the firebox must be of ample depth to provide a 
space in which the great volume of gas can burn before 
being cooled; or there must be a combustion chamber in 
which the gas can burn after leaving the firebox. 

The danger of loss from cooling the gases too suddenly is 
greatest in internally fired boilers of the vertical and loco- 
motive type. Unless the crown sheet is unusually high 
above the grate, vertical boilers are especially unfitted for 
the use of rich bituminous coals. Locomotive boilers, if 
properly managed, are better: by the use of the coking 
system of firing, the gas must pass through the length of 
the firebox and over the hot bed of coke, thus giving it con- 
siderable time to burn before entering the tubes, the heat 
radiated from the coke helping to keep it at a temperature 
at which combustion is possible, 


31. Firebrick Arches.—Many locomotive boilers are 
fitted with firebrick arches that extend from the tube 
sheet towards the door and force the gases to take a path, 
first towards the door and then back above the arch to the 
tubes. The arch becomes highly heated, thus preventing 
the cooling of the gases before they become mixed with the 
air, and the path of the gases is lengthened sufficiently to 
enable them to burn before entering the tubes. It also 
increases the life of the flues by preventing the entrance of 
large volumes of cold air when the door is opened, and thus 
aids in maintaining a more even temperature. 

The opinion of railroad men, almost without exception, 1s 
in favor of the firebrick arch for locomotives burning bitu- 
minous coals, and there is no doubt that the principle 
involved in its use can be employed to great advantage in 
stationary practice. Examples of modifications of the 
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principle of the firebrick arch are seen in some of the auto- 
matic stokers now in use and in the furnaces of such boilers as 
the Stirling water-tube boiler. In these furnaces, however, 
the position of the arch over that part of the grate nearest the 
fire door, while it helps to keep up a high and equable fur- 
nace temperature, does not materially aid in securing a more 
satisfactory mixture of gas and air, nor does it lengthen the 
path of the gas generated in that part of the furnace near- 
est the boiler. For these reasons, furnaces of this class are 


best adapted to the coking system of firing. 


THE COMBUSTION CHAMBER. 


o2 In internally fired boilers of the Cornish, Lan- 
cashire, Scotch Marine, and similar types having large fur- 
nace flues that open into a chamber in the rear, the gases 
that are cooled by contact with the walls of the flue and 
pass through it unconsumed are sometimes burned in the 
rear chamber, which is given the name combustion cham- 
ber for this reason. In order to be effective, the combus- 
tion chamber should be provided with a mass of firebrick 
that can be maintained at a sufficiently high temperature to 
heat the gases to the ignition point. The currents of gases 
from the flues must then be brought into contact with this 
hot brickwork and thus burned before entering the tubes. 
These are conditions that are maintained with difficulty, 
especially in boilers, like the Cornish, Lancashire, and Gal- 
loway, having long flues in which the gases are considerably 
cooled before reaching the combustion chamber. 

With boilers of the return-tubular type, the space back of 
the bridge serves the purpose of a combustion chamber to a 
certain extent. The gases, however, tend to rise and flow 
along the cold surface of the boiler; it is, therefore, difficult 
to prevent aconsiderable body from thus becoming cooled 
below the ignition temperature and passing unconsumed 
into the tubes. To overcome this difficulty, various arrange- 
ments of brick arches and flues have been placed between 
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the bridge and the back end of the boiler, the purpose of 
these devices being to present heated surfaces of brick to 
the current of the gas and to promote the intimate mixture 
of gas and air. Some of them are moderately effective, 
but they are subject to the limitations that were referred to 
in the case of the combustion chambers of internally fired 
boilers; that is, there is danger that the temperature of the 
brickwork will not be high enough to secure the ignition of 
any great proportion of the gases that pass beyond the 
bridge, or that much of the gas will not be brought into 
close enough contact with the hot bricks to be heated to the 
ignition point. 


33. The construction of the type of furnace commonly 
used with water-tube boilers of the Babcock and Wilcox 
type is such that there is little opportunity for combustion 
to take place after the gases leave the firebox. The gases 
rise nearly vertically from the fuel bed and pass from the 
firebox immediately into contact with the tubes; the narrow 
spaces between the tubes divide the gases into thin sheets 
that are rapidly cooled below the temperature of ignition. 

The vertical direction of the current of oases im the stuc- 
nace makes it difficult to secure any considerable admixture 
of air from the fire door, the chief dependence for the air 
supply must, therefore, be on the air that rises through the 
grates and passes upwards through the bed of fuel. These 
conditions make it essential for complete and economical 
combustion that a sufficient supply of air be admitted 
through the grate itself, and that the supply be well dis- 
tributed over the whole grate area so that it may become 
mixed with the gases almost as soon as they are formed. It 
is also important that the grate be placed far enough below 
the tubes to permit of a thorough mixture of the gas and 
air and of complete combustion of the gas before it enters 
the space between the tubes. The distance from the grate 
to the tubes should be regulated in accordance with the vol- 
atile contents of the coal; for anthracite or coke, the mini- 
mum distance is about 24 inches; for coals containing large 
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quantities of volatile matter and burning with a long flame, 
a distance of 36 inches or more is often needed. 


34. <A study of the construction of the furnaces of most 
water-tube boilers and of the mechanical stokers generally 
used for burning bituminous coals will reveal the fact that 
a large combustion chamber, often covered by a firebrick 
arch for maintaining a high temperature and shielding the 
burning gases from the cooling effect of the surface of the 
boiler, is almost universally used. It is urged by some 
authorities that a construction that separates the hydrocar- 
bon flame from the heating surface of the boiler is a serious 
disadvantage in that a large part of the heat of such a flame 
is given up to the boiler by radiation from the incandescent 
carbon particles, while a colorless gas radiates but little heat 
and gives up heat to the boiler almost entirely by direct 
contact. It is, however, certain that the carbon particles 
may easily part with so much heat by radiation as to be 
cooled below their ignition temperature, and so pass off 
unconsumed, with the consequent formation of black smoke; 
on the other hand, an arrangement of the heating surface is 
possible that will enable all portions of a hot current of col- 
orless gas to be brought into sufficiently close contact with 
the surfaces of the boiler to give up its heat in a thoroughly 
effective manner. It is probable that herein hes much of 
the effectiveness of the heating surface of the water-tube 
boiler; the gas passes in thin sheets between the staggered 
rows of tubes or around the various baffle plates; cross-cur- 
rents are thus induced that force every portion of the gas 
into close contact with some part of the heating surface. 


ADMISSION OF STEAM INTO 'TITE FURNACE, 


35, When steam is admitted into the furnace through 
the ash-pit, or otherwise, it is decomposed by the heat into 
its constituents, hydrogen and oxygen. This process, 
however, absorbs as much heat as can possibly be developed 
by the combustion of the hydrogen thus formed. From this 
it follows that there can be no possible gain in heat from 


22 ECONOMIC COMBUSTION OF COAL. Sha Wy 


introducing steam. In fact, there are several features that 
may cause the use of steam to result in an actual loss of 
heat; there is danger that much of the hydrogen liberated by 
the decomposition of the steam may escape unburned owing 
to the reduction of temperature of the fuel bed produced by 
the decomposition of the steam. Also, the steam enters the 
ash-pit at a temperature seldom above 212° F. and passes 
into the chimney at the temperature of the flue gases, which 
is rarely below 400°. It thus carries more heat into the 
chimney than it introduces into the furnace. 


36. The use of steam or water under the grate is, how- 
ever, beneficial in some cases. With coals that tend to 
clinker badly and to stick to the grates, the effect of the 
steam is to prevent the clinkering to a considerable extent; 
this enables the fireman to keep the grate cleaner, prevents 
the destruction of the grate, and, on account of the improved 
condition of the fire, permits of a better distribution of air 
and more complete and economical combustion. In the 
case of the argand blower and similar devices for securing 
an increased draft, there is often an increased economy in 
the use of the coal over that which is obtained by natural 
drat; the gain, however, must be ascribed solely to the 
improved air supply, and not to the fact that steam is used. 
A similar improvement in the draft by means of a better 
chimney or some mechanical draft appliance will generally 
give even better results than can be obtained by the use 
of steam. If a steam blower must be used to improve the 
draft, it should be so constructed and operated as to intro- 
duce as little steam into the fire as will secure the requi- 
site air supply. 

37. Rules for Economical Combustion.— Having seen 
that complete, i. e., economical, combustion depends on a 
sufficient air supply intimately mixed with the combustibles 
and a high furnace and combustion chamber temperature 
to insure ignition, the following rules will be self-evident: 

1. Sire light and often. 


2. Keep the fire as thin as circumstances will permtt. 
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3. Keep the fire clean. 

4, Keep the space between the grate bars clear. 

5. Keep the ash-pit clear. 

6. When using bituminous coal, use the coking firing 
system, tf possible, 

7. Regulate the draft so that it will be strongest when a 
Sresh charge of coalis put into the furnace. 

8. Do not let the fire burn out in spots. 

9. Do not let the fire burn too low before charging. 

10. Lf possible, fire at regular intervals and in regular 
charges. 


HEAT LOSSES AND THEIR PREVENTION. 


38. A portion of the heat generated in the furnace is 
usefully expended in evaporating water, but a large per- 
centage of the heat is often wasted. Some of these heat 
losses are unavoidable and others are due to poor manage- 
ment or poor design of the boiler. 

The heat losses due to moisture in the coal, incomplete 
combustion of the carbon and hydrocarbons, the formation 
of smoke, excessive air supply, etc. have already been 
pointed out and the methods of preventing them have been 
explained. In addition to these losses, there is the loss of 
heat inseparable from the use of natural draft. Since the 
draft depends entirely on the difference in density between 
the gases within the chimney and the air surrounding the 
chimney, it follows that the heat required to produce the 
difference in density, that is, to produce the draft, while not 
available for the generation of steam, is essential to the 
operation of a boiler plant; while the heat thus expended 
may be called a heat loss, it is an unavoidable loss. How- 
ever, in many cases, there is a large amount of heat passing 
out of the chimney in excess of that required to produce the 
necessary intensity of draft. In practice, it has been found 
that when the temperature of the escaping gases has been 
lowered to about 500° F., the draft will be ample. If their 
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temperature is in excess of this, it usually indicates a serious 
“heat loss. The high temperature may be due to several 
causes, either singly or combined, among which may be 
mentioned insufficient heating surface, inefficient heating 
surface, and poor water circulation. 

It is rather hard to decide where to place the blame in 
case the temperature of the escaping gases is excessive. In 
general, the trouble is that the efficiency of the heating sur- 
faces has become impaired by reason of the collection of 
soot and condensible tarry vapors on the fire side and the 
deposit of scale on the water side. The obvious remedy is 
to clean the surfaces and, thereafter, to clean them at such 
intervals as will keep them in a state of high efficiency. 


39. If the heating surfaces are clean and the tempera- 
ture of the escaping gases is excessive, the trouble may be 
due to poor circulation. It is difficult to state just exactly 
what should be done to improve it, since boilers vary so 
much in design. In horizontal return-tubular boilers, the 
trouble is often due to the tubes being packed too close 
together. Taking out one or two vertical rows has often 
resulted in a decided improvement in the circulation. In 
flue boilers and water-tube boilers, the circulation is usu- 
ally free and strong; an excessive temperature of the esca- 
ping gases with these types of boilers is usually due to dirty 
or insufficient heating surfaces. 

Insufficiency of heating surface is generally found in cases 
where, due to the exigencies of service, boilers are forced 
beyond the steam-making capacity for which they were 
installed. This calls for an increased combustion rate per 
square foot of grate surface, in consequence whereof there 
is an increased volume of gas that passes through the tubes 
and over the heating surface at a higher velocity. Since 
the transfer of heat from the heated gases to the water 
depends to a large extent on the time they are in contact 
with the heating surfaces, a proportionally smaller amount 
of heat per pound of gases is transferred to the water. 
There is no simple remedy for loss due to thiscause. About 
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the only thing that can be done to make the plant more 
economical is to install more boilers, or perhaps a device for 
heating the feedwater by the waste gases may be placed 
into their path before they reach the chimney. 

Some heat is lost by radiation from the boiler itself and 
some from the setting and connections. This loss, while it 
cannot be prevented entirely, can be minimized by covering 
the exposed parts with some good non-conducting material. 
To reduce the radiation losses of externally fired boilers, 
which, as a general rule, are greater than those of inter- 
nally fired boilers, the brickwork setting is often made 
double; that is, there are two distinct walls separated by an 
air space. This answers very well indeed when built in such 
a manner that the air within the air space cannot escape. 


40. The efficiency of a boiler plant is the ratio of the 
difference between the heat: in the steam delivered by the 
boiler and the heat in the feedwater to the heat that would 
be developed by the perfect combustion of the fuel. This 
efficiency may be divided into two factors—the efficiency of 
the furnace as a heat producer and the efficiency of the 
boiler as aheat absorber. It is possible to have a furnace 
so well constructed and managed that the combustion is 
nearly perfect and yet to have a low efficiency of the plant 
as a whole, owing to inefficient heating surfaces, large radi- 
ation losses, etc. In order to secure a high efficiency of the 
plant, as a whole, it is necessary to pay strict attention to 
each and every detail and to keep it in the most perfect 
condition possible. 


AUTOMATIC FURNACES AND 
MECHANICAL STOKERS. 


INTRODUCTION, 


DEVELOPMENT. 


1. The earliest mechanical stoker is thought to have 
been invented by Watt, who obtained a patent in 1785 on a 
simple device for pushing the coal, after it had been coked, 
from the front of the grate back towards the bridge. Since 
that time English engineers have invented a large number 
of stokers, some of which have been quite extensively used 
and have given satisfactory results when applied to the 
proper conditions. None of the English designs have been 
much used in the United States, but a number of American 
designs of mechanical stokers and automatic furnaces, differ- 
ing more or less from the earlier English types, have been 
developed since 1873, and several have been put into 


extensive use. 


ADVANTAGES AND DISADVANTAGES. 


2. Numerous tests haveshown that a careful and intelli- 
gent fireman with a properly designed furnace can obtain as 
good results, so far as economy in the use of fuel is con- 
cerned, as have ever been obtained with any mechanical 
stoking device; it is also certain that hand firing may be so 
regulated as to produce practically smokeless combustion. 
It is well known, however, that these possible results are 
not generally attained in everyday work. Boiler firing is 
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hard and, in many cases, far from pleasant work. Most 
boiler rooms are hot and many are poorly lighted and 
ventilated—conditions that make it difficult for any but the 
best of men to keep up their interest in their work, and such 
men can soon demand better pay than is generally given to 
firemen. With the best automatic stokers the fireman is 
relieved from much of the most severe and difficult part of 
his work; he isthus more free to devote suitable care and 
attention to the operation of the furnace. The coal is fed 
to the furnace at a uniform rate and in such a manner that 
the gases distilled from it are thoroughly mixed with a 
proper supply of air; the gases are then conducted through 
a part of the furnace in which there is a high enough 
temperature to secure their complete combustion. When 
the coal supply and air supply are properly adjusted to suit 
the working conditions, the continuous and uniform manner 
in which the fuel is fed to the furnace insures a high and 
practically uniform temperature, which is favorable for the 
complete combustion of the gases and relieves the boiler 
from the stresses produced by the sudden changes in tempera- 
ture that occur when cold air enters the fire door during hand 
firing, 


ECONOMIC CONSIDERATIONS. 


3. Automatic furnaces are more expensive, both in first 
cost and maintenance, than furnaces for hand firing, and in 
small plants they save but little or nothing in the cost of 
labor; in these cases the question of economy in their use 
depends on the possibility of a saving in coal and of wear 
and tear on the boiler. In the matter of coal they have the 
advantage of successfully burning cheap grades of fuel that 
could not be used with ordinary methods of hand firing. 
Automatic furnaces will give better results in the matter of 
smoke prevention than can be obtained by hand firing, unless 
an unusual degree of care and attention is given to the man- 
agement of the fires. In large plants, especially where some 
of the modern systems of coal- and ash-handling machinery 
are used, automatic furnaces effect a very considerable 
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saving in labor; this, in addition to their other points of 
superiority, makes them more economical than hand firing 
in many cases. 


GENERAL CLASSIFICATION. 

4. The principal designs of mechanical stokers and 
automatic furnaces may be divided into two general classes, 
overfeed and underfeed. In the former the coal is slowly 
fed by some suitable mechanical device on a coking plate, 
where the volatile matter is distilled off by the heat of the 
furnace and mixed with a suitable supply of air. The coke 
so formed is then fed forwards on to grates, where it is 
burned. The mixture of gas and air is burned in a suitable 
combustion chamber, usually in as close proximity as is 
practicable to the bed of burning coke. In the second class 
the coal is forced by some mechanical device into a chamber 
under the mass of burning fuelin the furnace. The volatile 
matter is here distilled off and mixed with a supply of air. 
The coke formed is pushed upwards by the fresh coal that is 
fed into the chamber and burns above the coking chamber 
and on suitable grates at the sides, on which it falls. The 
mixture of gas and air rises through the bed of burning coke 
above the coking chamber and, being highly heated and 
thoroughly mixed, burns readily. 


EXAMPLES OF MECHANICAL STOKERS. 


OVERFEED STOKERS. 


INCLINED OR STEPPED GRATES. 

5. Inthe earliest American overfeed stokers, the fixed 
carbon of the coal is burned on inclined grates, consisting 
either of straight bars or a series of steps. The coal, after 
being coked on the dead plate, is pushed on to these grates, 
which are given a sufficiently rapid vibratory motion to feed 
it down at such a rate that practically all the carbon is 
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burned before reaching the lower end, where the ashes and 


clinkers are discharged, 
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6. The Murphy automatic furnace is shown in Figs. 1 
and 2, of which Fig. 1 is a cross-section as applied toa 
battery of horizontal tubular boilers, and Fig. 2 a perspec- 
tive sectional view as applied to a water-tube boiler. Like 
parts have been lettered the same in both figures. 


MECHANICAL STOKERS. 
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The coal, which must be in a moderately fine condition, 
bituminous slack being well suited for this purpose, is fed 
into the magazines a, a, Fig. 1, either through the doors z 
or through an opening #, Fig. 2. The latter method is 
generally employed when coal-handling machinery is used. 
From the magazine the coal is pushed on the coking 
plate @, Fig. 1, by the inverted box 6, which is given a slow, 
reciprocating motion by the shaft ¢ and a rack and pinion. 
The gases expelled on the coking plate mix with jets of air, 
which are brought in above the firebrick arch o through the 
passages ¢, ¢, Fig. 1, and enter the furnace through nar- 
row openings just over the coking coal. The coke is 
gradually pushed forwards on to the inclined grates /, /. 
These grates are kept in motion by cams on the shafts g, g, 
and gradually work the coke down; the ashes and clinkers 
are discharged at the lower ends on to the revolving 
clinker breaker “4, which grinds up the clinkers and dis- 
charges them into the ash-pit below. The firebrick arch o 
is always kept at a high temperature; the mixture of gas 
and air, coming between the hot arch and the incandescent 
bed of coke below it, is burned under the most favorable 
conditions. The result is that combustion is very complete, 
and when the furnace is properly managed, little or no 
smoke is formed. The shafts c and g and the clinker 
breaker / are moved through suitable connections by the 
bar m, Fig. 2, which is given a reciprocating motion by a 
small steam engine placed at one side of the furnace. Tri- 
angular bars g, Fig. 1, placed over the pushers 4, may be 
worked by levers, as f, Fig. 2, so as to make the coal feed 
down more freely if for any reason one side of the furnace 
is receiving less than its proper amount of fuel. 

The Murphy furnace is generally worked with natural 
draft or induced draft, but by a proper arrangement may 
be adapted to forced draft. 


%. The Roney mechanical stoker belongs to the frovt- 
feed type, the coal being fed through a hopper at the front 
of the furnace. Fig. 3 is a perspective view of this stoker as 
applied to a horizontal tubular boiler, and Fig. 4 is a sec- 
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tional view, showing the relation of the different parts to one 
another. Like parts have been lettered the same in the two 
figures. The coal is fed into the hopper a, from which it is 
pushed by the pusher plate 4 on to the dead plate c, where 
it is heated and coked. From c the coke passes to the grate 
ddd. This grate consists of cast-iron bars, which form a 
series of steps; each bar is supported at its ends by trun- 
nions and is connected by an arm toa rocker bar 7, Fig. 4, 
which is slowly moved to and fro by an eccentric on the shaft s, 
so as to rock the grates back and forth between the 
stepped position shown and an inclination towards the back 
of the furnace, and the grates thus gradually move the 
burning coke downwards. The ashes and clinkers are dis- 
charged from the lower grate bar on to the dumping grate g, 
which can be lowered so as to drop them into the ash-pit 
below. A guard /, Fig. 4, may be raised, as shown by the 
dotted lines, so as to prevent coke or coal from the grate 
bars from falling into the ash-pit when the dumping erate is 
lowered. Air for burning the gases isadmitted in small jets 
through holes in the hot air tile ¢, and the mixture of gas 
and a‘r is burned in the hot chamber between the firebrick 
arch # and the bed of burning coke below. 

The Roney stoker is designed especially for burning all 
grades of bituminous coal, but may be successfully used for 
burning fine anthracite. 


8. The Wilkinson stoker is a front-feedstoker designed 
more particularly for the burning of fine anthracite coal. In 
Fig. 5 it is shown appled to a horizontal return-tubular 
boiler, while Fig. 6 shows an enlarged view of the grate itself. 
Like parts have been lettered the same in both figures. 
The grate bars 4, 6 are cast hollow with nearly horizontal 
openings leading from the interior of the bars through the 
risers of the steps that form the upper surface of the bars; 
these openings are shown in the black sectional portion of 
the left end of the bar. Each grate bar is given a to-and- 
fro motion in a horizontal direction by the rock shaft * and 
links g, Fig. 5, the ends of the bars being supported by, and 
sliding on, the hollow cast-iron bearing bars, d. A pusher 7, 
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Fig. 6, fastened to the upper end of each grate bar, pushes 
the coal from the hopper a through the opening in the fur- 
nace front on the bars. The motion of the bars gradually 
forces the coal downwards, and deposits the ashes and 
clinkers on the clinker grates e, from which they are finally 
pushed into the ash-pit. Practically all the air for the com- 
bustion of the coal is drawn into the upper ends of the hollow 
grate bars by the steam jets c, Fig. 6, and forced into the 
fire from the openings in the tops of the bars. In this case, 
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FIG. .6. 


the steam jets, in addition to furnishing draft, serve an 
important purpose in keeping the bars moderately cool, thus 
preventing both their destruction by the heat and the stick- 
ing of the clinker, which with anthracite coal often 
causes considerable trouble if no special provision is 
made to overcome it. The advantages derived from this 
use of the steam jet are considered of sufficient importance 
to more than balance any possible loss of heat, and it is 
recommended by the makers that the steam be used, even 
where sufficient chimney draft is available to burn the fuel. 


Ol 


aA) 
ioe) 


MECHANICAL STOKERS. 13 


ENDLESS-CHAIN OR TRAVELING GRATES. 


9. The Playford chain-grate stoker is shown in sec- 
tion in Fig. 7. It consists of a heavy cast-iron frame e, 
which is provided with suitable sprocket wheels and rollers 
on which travels a grate 6 6 made up of sections attached 
to endless chains. The top of the grate is driven slowly 
towards the rear of the furnace, taking with it coal from the 
hopper a. The amount of coal fed to the furnace is regu- 
lated by the speed of the grate and by the opening of a 
gate @, which is water-cooled to prevent the heat of the fire 
from igniting the coal inthe hopper. The gas is distilled 
from the coal in the front of the furnace under the firebrick 
arch ¢ and burns as it rises and passes towards the back. 
The motion of the grate carries the coke backwards at a 
rate that permits the carbon to be completely burned before 
tme rear end of the furnace is reached. “The-ashes and 
clinkers are dumped into the ash-pit at the back. A spiral 
conveyer g conveys the ashes from the rear of the furnace 
to a point near the front or to any convenient point from 
which they can be removed. The frame e rests on rollers 
that run on rails f and make it possible to withdraw the 
stoker from the furnace when repairs are needed. 

In order to make the removal of burned-out grates easy 
and inexpensive, the grates are made in small sections, as a, 
Pigs, which. slide over steel T bars 4. “The latter are in 


FIG. 8. 


turn easily removed from the chain links ¢ by taking out 
the pins at the ends. 


10. The Coxe mechanical stoker, a sectional view of 
which is shown in Fig. 9, is a chain-grate stoker that was 
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designed especially for the purpose of burning the finest 
sizes of anthracite coal. The coal is fed through the hop- 
per a and passes over firebrick ‘‘ignition blocks,” which are 
kept at a temperature sufficiently high to insure the heating 
of the coal to its ignition point before it reaches the grate, 
where it meets an air supply. These ignition blocks are 
not needed when the furnace is used for bituminous coal, 
which burns more readily than anthracite. 
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The fine anthracite coal for which this furnace was 
designed requires a forced draft in order to be successfully 
burned; and in order to regulate the draft according to the 
thickness of the fuel bed and the general condition of the 
fire, the air is conducted into the large central chamber c 
through an opening 0. This chamber is under that part of 
the fire which, owing to its thickness and partly burned con- 
dition, demands the greatest intensity of draft. Openings 
regulated by dampers d@, @, @ conduct the air from the cen- 
tral chamber through a series of smaller chambers towards 
the ends of the furnace; by varying the opening of the 
dampers, the intensity of the draft in the smaller chambers 
can be so regulated as to give each part of the fire the 
amount of air needed to secure the best rate of combustion. 
With this furnace, the preference is given to draft produced 
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by a fan; the grate is so made that there is comparatively 
little danger from overheating, and the sticking of clinker 
is prevented by the traveling motion, which discharges all 
into the ash-pit as the grate passes over the end. Combus- 
tion is more rapid with the dry air than it would be if steam 
were used, and there is not as much danger of loss of heat. 
However, with some coals that clinker badly, it is advan- 
tageous to use a steam blower for forcing air into the space 
below the grate, the steam thus admitted greatly reducing 
the tendency to clinker. 


UNDERFEED STOKERS. 


11. In order to secure a high temperature of the gas 
and air, a number of systems of firing in which the gas lib- 
erated from the freshly fired coal, together with most of the 
air required for its combustion, are drawn through the bed 
of burning coke have been devised. Such systems, if prop- 
erly managed, bring the mixture of gas and air into the 
closest possible contact with the incandescent coke, and, con- 
sequently, secure practically perfect and smokeless combus- 
tion. The mechanical stokers to which this principle has 
been applied are known as underfeed stokers; the coal 
is forced by some mechanical device into a magazine or 
chamber and then through an opening at the top into 
the bed of burning coke. In this magazine distillation 
takes place; the coke that is formed in the magazine 
is forced upwards by the fresh supphes of coal and burns 
above and at the sides of the magazine. The gas pro- 
duced meets a supply of air from openings in the sides 
of the chamber and the mixture rises through the bed of 


burning coke. 


12. The American stoker illustrates very clearly the 
principles of construction of the underfeed stoker. Fig. 10 
shows sectional views of this stoker as applied to a return- 
tubular boiler. Coal is fed into the hopper a, from which it 
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is drawn by the spiral conveyer 4 and forced into the maga- 
zine @, in which it is coked. The incoming supply of 
fresh fuel forces the coke upwards to the surface and over 
the sides of the magazine on the grates 7, z, where it is 
burned. A blower forces air through a pipe / into the 
chamber g surrounding the magazine. From g the air 
passes upwards through the hollow cast-iron tuyere blocks 


and out through the openings, or tuyeres, ¢, ¢, ¢. The gas 
formed in the magazine, mixed with the jets of air from the 
tuyeres, rises through the burning coke above, where it is 
subjected to a sufficiently high temperature to secure its 
combustion. Nearly all the air for burning the coke is sup- 
plied through the tuyeres, only a very small portion of the 
supply coming through the grate. 

The ashes and clinkers are gradually forced to the sides 
of the grate against the side walls of the furnace, from 
which they are removed from time to time through doors 
in the furnace front similar to the fire doors of an ordinary 


furnace. 


13. The construction of this stoker is such that the fire 
must be cleaned and the ashes removed by hand. This has 
the disadvantage of a somewhat greater expenditure of 
labor than is required with those furnaces that discharge 
their ashes into the ash-pit, especially where it is desired to 
use ash-handling machinery; it also subjects the boiler to 
the deleterious influences of inrushes of cold air when the 
cleaning doors are opened. In this connection it may be 
stated that it is claimed by the makers that the fires do not 
need cleaning oftener than once in 8 or 10 hours with 
the poorer grades of coal, and that once in 12 hours is 
sufficient with the better grades; it is also a fact that 
all furnaces require occasional hand stirring and cleaning 
in order to secure a thoroughly satisfactory distribution 
of the fire on the grates and to prevent the formation 
of masses of clinkers that will occasionally stick to the 
grates, no matter how carefully the stoker is designed and 
operated. 
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DOWN-DRAFT FURNACES. 

14. The Hawley down-draft furnace secures a thor- 
ough mixture of the gas and air, passes them through a 
mass of burning fuel, and finally burns them in a combus- 
tion chamber over another mass of burning coke. These 
results are obtained by 
the use of a furnace 
with two grates, one 
placed above the other, 
as shown in Figs 1: 
The coal is charged 
through the upper 
doors upon the upper 
grate @, where it 1s 
coked and partially 
burned. Air _ enters 
the space above this 
grate through the 
upper row of doors and is drawn downwards through 


the grate and fuel, mixing with the gas given off from the 
coal. The mixture is heated in its downward passage 
through the fuel on the upper grate and burns in the 
space below; combustion in this space, which forms a sort 
of combustion chamber, is promoted by the heat given off 
by the burning coke on the lower grate 6. The coke is 
but partly burned on the upper grate, the unburned portion 
falling through and being completely burned on the lower 
grate, air for this purpose being supplied through the lower 
doors and ash-pit in the usual manner. To prevent the 
rapid destruction of the upper grates by the action of the 
heat of the burning coal and gases, the bars are composed 
of inclined water tubes, expanded into headers. The front 
header is connected to the water space of the boiler at a 
point near the bottom, and the rear header is connected at 
a point near the surface of the water. Theinclined position 
of the tubes and the difference in level at which the headers 
are connected to the water space of the boiler induces a 
circulation of water through the system that prevents 
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overheating. This construction also adds considerably to 
the heating surface of the boiler. 

The Hawley furnace is a successful smoke-prevention 
device and the makers claim that it will burn low-grade 
fuels with a high efficiency. It is not automatic in its 
action and is therefore not as well adapted to the saving 
of labor in the fireroom nor for use with coal-handling 
machinery as most of the automatic stokers that have been 
described; this, however, is not a serious objection in small 
plants. 
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BOILER SETTING. 


BOILER FRONTS. 


1. The two styles of boiler setting in general use for 
tubular and flue boilers of the externally fired type are 
known, according to the construction of the boiler front, as 
the half-arch front setting and the full-areh, or full- 
flush, front setting. In the half-arch front setting, as 
shown in Fig. 1 (a), the smokebox a is made of metal and 
projects beyond the boiler front; it either forms part of 
the boiler itself or is separate and fastened to the front 
boiler head. In the full-flush front setting, the sides of the 
smokebox are formed by the brick setting and the front by 
the boiler front, as is shown in Fig. 1 (0). 

2. The half-arch front setting has the advantage that it 
will occupy slightly less floor space and hence will take a 
smaller number of common bricks and firebricks than the 
full-flush front setting. In general, it will be from 15 to 
18 inches shorter; the width of the setting will be the same 
in both styles. An objection urged against the half-arch 
front setting is that the projecting smokebox interferes, to 
some extent, with the work of the fireman. 

§ 19 
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DESIGN OF BOILER SETTINGS. 

3. Purpose.—In a boiler setting, three things are to be 
attained: (1) A firm support for the boiler shell; (2) prop- 
erly arranged space for furnace and ash-pit; (3) a protective 
covering for the boiler that will, as far as possible, prevent 
loss of heat by radiation. 
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4, Supporting Boilers.—Externally fired boilers may 
be supported by cast-iron lugs riveted to the shell and rest- 
ing on the side walls, or they may be suspended from over- 
head girders by means of hooks or rings. The former 
method is usually adopted for the comparatively short 
return-tubular boiler, while the latter is used for the long 
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plain cylindrical and flue boilers. When very long cylin- 
drical boilers are suspended at two points only, the excessive 
weight between the supports throws a heavy stress on the 
lower plates in the middle of the boiler; when a center sup- 
port is added, the condition of things is still worse, because 
the lower part of the shell expands more than the upper, 
which causes the shell to sag in the middle, thus throwing 
all the weight on the center support. Numerous cases 
have occurred where the center support has given way 
under the stress and the shell has been ruptured by the 
shock. It is, therefore, important in supporting these 
long shells to arrange the supports so that each will 
bear its proper proportion of the load and at the same 
time allow the boiler to expand freely under all conditions 
of temperature. 


5. Example of a Good Setting.—The setting of a 60-inch 
return-tubular boiler with a half-arch front, as designed by 
the Hartford Boiler Insurance Company, is shown in Fig. 2. 
The foundation is heavy stonework laid to a depth of 3 or 
4 feet below the surface. On top of this is laid the brick- 
work. The side and rear walls are double, with a 2-inch air 
space between the inner and outer parts. The inside 
wall /, next to the furnace, is faced with firebrick, as 
is also the bridge and all portions in direct contact with 
the flames. 

The boiler is supported by cast-iron lugs Z riveted to the 
shell. These lugs rest on iron plates J/ placed on the top 
of the side walls. The front lugs rest directly on the 
plates, but the back lugs rest on rollers O of 1-inch round 
iron. The boiler is thus free to expand and contract. The 
rear wall is 24 inches from the rear head of the boiler, so as 
to allow the gases an opportunity to enter the tubes; above 
the tubes, however, the wall is built in to meet the head 
and forms a roof for the chamber. The rear wall is 
provided with a door ) to remove the dirt and soot that 
collects back of the bridge and to provide a means of 


inspection, 
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The grate G is placed 24 inches below the shell; this is a 
sufficient distance for anthracite coal, but for bituminous 
coal it might better be 30,.to 36 inches. The grate has a fall 
of 3 inches from front to rear, which facilitates the admis- 
sion of air to the rear of the grate and makes it somewhat 
easier to clear the spaces between the grate bars from 
below. The back end of the boiler should be set about 
linch lower than the front end; this insures a thorough 
draining of the boiler when the blow-off is open. 

The brickwork is closed into contact with the shell at the 
level of the center of the upper row of tubes; this prevents 
the gases coming in contact with the plates above the water- 
line. Some boilermakers prefer to make a brickwork arch 
over the top of the boiler and to allow the gases to pass 
back to the rear through the flue thus formed. The prac- 
tice is risky, as it may lead to the overheating of the upper 
plates. A safe rule is ‘‘ Never expose to fire or gases of 
combustion any part of the shell not completely covered 
with water.” This rule applies to the blow-off pipe as well, 
which when not in use is empty; in order to prevent its 
destruction by the gases of combustion and the heat, it 
should always be protected either by covering it with a 
larger pipe or by a cast-iron sleeve, or by bricking it in. 
The last method has the serious objection that it interferes 
with the examination of the pipe, which may corrode badly 
without it being discovered when bricked in. 

The brickwork is strengthened by buckstaves B held 
together by tie-rods 7. The buckstaves are best made of 
wrought-iron channel or angleirons. It will be noticed that 
in the present case the flue pipe P is rectangular, but the 
pipe IV leading to the chimney is cylindrical. The purpose 
of the air space Sis to prevent the conduction of heat to the 
outer walls and thus keep them cool. Its utility is some- 
what doubtful and many of the best boilermakers do not 
recommend it. 


6. Setting of Cylindrical and Flue Boilers.—Plain 
cylindrical and flue boilers are set in about the same manner 
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as the return tubular. Sometimes, however, when the 
shells are extremely long, two or even more bridges are 
placed beneath the shell to keep the heated gases in contact 
with it. 


%. Self-Contained Boilers.— Vertical and locomotive 
boilers and nearly all internally fired boilers are self-con- 
tained and require no setting. The vertical boiler is sup- 
ported by the cast-iron base that forms the ash-pit. Firebox 
boilers, when stationary, are supported on cast-iron sad- 
dles and skids. It is not customary to provide vertical 
boilers and stationary firebox boilers with any protective 
covering. 


8. Foundations, Firebrick Lining, and Walls.—In 
boiler settings the walls have not only the weight of the 
boiler and its attachments to sustain, but they must also 
resist the varying stresses caused by the alternate heat- 
ing and cooling of the entire masonry. For this reason 
the foundations should be unusually heavy and the walls of 
ample thickness and properly lined with firebrick on the 
inside. Every sixth course of firebrick from the grate up 
must be a row of headers bonded into the masonry behind. 
By the term ** headers” is meant that the bricks are set in 
with the ends as the exposed surface instead of the sides, as 
is the case with the other courses. This method enables the 
bricks between each row of headers to be renewed when 
necessary without having to tear down the entire wall. 


9. Firebrick linings suffer most where the bed of fire 
comes into contact with them; the frequent impact of the fire 
tools against the bricks also causes them to become loosened 
and broken. But as the first row of headers is about 
12 inches from the surface of the grate, it issafe from the con- 
tact of fire and the impact of tools. The headers also give 
strength to the linings. Firebrick must be set in fireclay, 
which should be mixed thin enough to just lay on the trowel, 
thus permitting the bricks to lay close to one another, the 
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object of the fireclay principally being to fill up the existing 
inequalities between the bricks. The bricks should also be 
dipped in water before being laid, so as not to absorb that 
which is in the fireclay. 


10. The joints between the bricks of the outer walls 
should be about } inch thick, of good mortar, composed of 
1 part lime and 5 parts of clean sand—sea sand is not suita- 
ble for this purpose because it is not sharp enough. When 
building the walls, allowance should be made for the boiler 
expanding, so that they will not suffer unduly. 

The kind and extent of the bed for the foundation depend 
on the nature of the earth. If the earth is firm and tena- 
cious, trenches may be dug where the walls will stand and a 
bed of concrete laid, upon which good, flat stones laid in 
cement are placed. Joints must be broken at every course, 
laid so that a solid foundation will be the result. Should 
the earth be soft and yielding, the excavation should cover 
the entire area of the setting and should be filled to a good 
thickness with stones and concrete, upon which the founda- 
tion may be started. 


11. When boilers are to be set where quicksand is found, 
the excavation should be deep enough to admit of a good 
bed of gravel being rammed home to a thickness of not less 
than 18 inches. Upon this a bed of stone and concrete is to 
be placed and finally the first course of large, flat stones is 
well laid in cement. 


12. Settings of Water-Tube Boilers.—The setting of 
water-tube boilers differs from that of the horizontal tubular 
only in details and kind, rather than in principle. Different 
makes of water-tube boilers require different forms of set- 
ting, which are determined largely by the construction of 
the -boiler, and hence no general rules can be given. 
Usually the manufacturers of water-tube boilers furnish 
drawings of the setting to the buyer; it is best, speaking 
generally, to follow their advice in this matter. 


$19 BOILER INSTALLATION. 7 


ARRANGEMENTS OF BOILERS AND 
PLEUNG. 


STEAM PLANTS. 


CONTENTS OF INSTALLATION. 


13. The installation of a complete steam plant includes 
the setting of the boiler or boilers, the arrangement of the 
various lines of piping, and the location and arrangement of 
the various accessories, such as feedwater heaters, purifiers, 
separators, economizers, feed-pumps, injectors, etc. An 
elaborate plant may be fitted with economizers, mechanical 
stokers, coal conveyers, and ash conveyers, purifiers, and 
other labor-saving and fuel-saving devices. On the other 
hand, the plant often consists simply of boilers, chimney, and 
feed-pump. 


GENERAL DESIGN OF PIPING. 


14, In arranging and designing a piping system for a 
steam plant, the aim must be to produce a design that com- 
bines low first cost with durability and serviceableness. 
Points that must be duly considered are the extent to which 
the piping shall be in duplicate in order to prevent a shut- 
down due to an accident to a section; the ease with which 
the piping can be taken down for repairs must also be con- 
sidered. In general, flanged sections are more easily taken 
down than sections united by screwed joints, at least in the 
larger sizes. When screwed joints are used, it is advisable 
to introduce a liberal supply of unions to allow a section to 
be taken out and replaced without having to tear down the 
whole piping system. The question of whether to place the 
piping overhead or below the floor is chiefly one of conve- 
nience and looks. With the piping below the floor, the engine 
room will generally look better, but the piping will not be as 
accessible as when overhead. 
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15. Example of a Plant.—There are no rules that can 
be given as applicable to all cases in arranging a boiler plant 
and the piping; each plant must be designed to suit the 
service for which it is intended and the local conditions. In 
order to give the student an idea of how a plant and the 
piping may be arranged, Figs. 3, 4, and 5 are given, which 
may be profitably studied. Fig. 3 is an elevation and Fig. 4 
a top view of the plant, which has two return-tubular 
boilers VV, VV so arranged that either boiler may be used at 
will or both may be run at the same time. 


16. In the following description the letters refer to both 
figures: 

Suppose that the boilers have been partly filled with water, 
the fire started, and that the steam gauge / registers the 
desired pressure. The valves 2), ) are then opened and the 
steam is conveyed tothe engine J7 through the short vertical 
pipes A, A, the short branch pipes 2, 4, and the main steam 
pipe C. It will be noticed that the safety valves 4, & are 
attached to the upper ends of the pipes A, A, and that the 
valves D, D are situated between the safety valves and the 
main steam pipe. Hence, there is no possibility of cutting off 
the connection between each boiler and its safety valve. 

1 is a closed feedwater heater, the water being heated by 
the exhaust steam from the engine, which is conveyed to the 
heater by the exhaust pipe “7. The water in the boiler is 
replenished by means of the feed-pump 7. The pump is con- 
nected to a city reservoir, river, or other source of supply by 
the pipe a. The water is discharged through the delivery 
pipe @ into the closed heater /7, and after being heated is 
forced by the continued working of the pump into the boilers 
through the pipe e and its branches. The check-valves /, /' 
prevent the return of the water. The valves mz, mz’ are for 
the purpose of shutting off the water from one of the boilers, 
ifso desired. The valves m,, m, permit either feed check- 
valve to be taken apart without interfering with the feeding 
of the other boiler. Suitable by-pass connections are pro- 
vided for cutting the heater out of service for examination 
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and repair without interfering with the running of the plant. 
For this purpose a separate exhaust pipe /, is provided, 
which has a valve /’. A valve /” is placed in the exhaust 
pipe / between the junction of and F and the heater. 
By first opening the valve /’ and then closing the valve F’”, 
the exhaust is cut off from the heater and passes through /, 
to the atmosphere. While the heater isin use, the feedwater 
passes through it; in order that the pump may be used while 
the heater is cut out, the by-pass pipe @' leads to the feed- 
pipe e. By opening the valve d, and closing the valves d,, d,,, 
the feedwater is cut off from the heater and passes directly to 
the feedpipe ¢. With the heater in service, the pump 
exhausts into the heater through the pipe c; when the heater 
is cut out, the pump exhausts through the pipe c, to the 
atmosphere. To make the change, the valve c’ is opened 
and the valve c’’ closed. The feed-pump receives its steam 
supply from the main steam pipe C through the pipe J, and 
is started and stopped by operating the throttle valve y. 
With the heater in use, the exhaust passes to the atmosphere 
through the pipe G. 


1%. While in this case a separate exhaust pipe /, is pro- 
vided for use when the heater is out of service, the same end 
may be attained by connecting / and G by a by-pass pipe. 
Thus, an elbow may be placed directly above 4’ and a pipe 
run to a T placed in G; in that case a valve will have to be 
placed in G below the T. This valve and the valve /” will 
be closed and the valve /’ opened in order to cut the heater 
out. A safety valve / is generally placed in the feedpipe to 
prevent any overpressure in the heater. 


18. The blow-off pipes f, f are connected to the pipe g, 
which in turn is connected tothe pipe 7. The valves are 
shown at +, +. The pipes / are larger than g, for the reason 
that they are more likely to become choked with sediment 
thang. Inmany cases, the blow-off pipes fare independent ; 
that is, they are not led into the same pipe. With the 
arrangement shown in the figure there is no way of discover- 
ing a leak inthe valves +, x, should one occur. Should they 
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become choked, they may be readily disconnected at 2’ 
from the pipe g and the sediment removed. The pipe 7 is 
the blow-off for the heater; it connects with the main blow- 
off pipe g. Since the exhaust steam condenses more or less 
in passing through the heater, it is necessary to provide some 
means for getting rid of the condensed portion; this is 
accomplished by connecting the tubes to the blow-off pipe 7 
by means of the pipe s. Valves are placed in 7 and s close 
to the heater; a valve 7’ is placed near the junction of 7 
with g and is used for shutting off connection between the 
blow-off pipe and the heater drains when the heater is out of 
service. A small drain pipe s’ is fitted to the exhaust pipe /, 
and connects with the blow-off pipe 7. The globe valve s”’ 
should be opened before the engine is started, so as to clear 
the exhaust pipe of water that may have accumulated in it. 
This valve should be closed again after the exhaust pipe is 
thoroughly warmed up and cleared of all the water. 

Land Z are argand blowers for producing a forced draft, 
the steam required being obtained from the dome by the 
pipes v, v. 


19. Incase the pump is out of order or the heater is 
disabled and it is considered advisable to feed hot water, 
the boilers can be fed by the injectors AK, K. The steam for 
working the injectors is taken from the domes through the 
pipes g’ and g". The water is led to the injectors by the 
pipe a’, which is a continuation of the pump feedpipe @ and 
delivers the water into the boiler through the feedpipes a, oe. 
Before starting the injectors, the valve f should be closed so 
as to shut off the water supply from the pump. The pipe z 
conducts the overflow water from the injectors to the blow- 
off pipe g, and a valve w' is placed in the pipe #; this valve 
must be closed when the boilers are being blown down in 
order to prevent the water backing into the overflow pipe. 
The check-valves x, 2 prevent the water escaping from 
the boiler through the injectors after they have stopped 
working. The globe valves 7’, 2’ are additional safeguards; 
they are for the purpose of preventing the boiler emptying 
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itself after a shut-down, in case an obstruction should pre- 
vent the check-valves from closing. 


20, Sis a separator for removing the entrained water 
from the steam. As will be seen, it is attached to the main 
steam pipe C and is also supported by the rod /, which is 
attached to the beam overhead. The water thus removed 
flows down by gravity through the pipe z into the feedpipe ¢ 
just below the safety valve / on the feedwater heater. As 
the temperature of the water is fully 212°, it is not necessary 
that it should pass through the heater. The bottom of the 
separator should be at least 2 feet or more above the highest 
water level in the boiler, since, if both were at the same level, 
the pump would force water into the separator and thus 
destroy its action. The difference of levels between the 
bottom of the separator and the water level in the boiler con- 
stitutes the head that induces the flow. The pipe z is fitted 
with the globe valve & and the check-valve z¢. The drain 
pipe z of the separator is also connected to the waste pipe ¢ in 
order to allow the separator to be drained whenever the feed- 
pipe ¢is cut out of service. To drain into Z, the valve 2’ is 
closed and 2” opened. 


21. Endless- Piping System.—An arrangement of 
steam piping suitable for large power plants, in which are 
several units both of boilers and engines and the usual aux- 
iliary machinery, is shown in Fig. 5. This system of piping 
consists of an endless main pipe divided into two sec- 
tions a, a’ by the main stop-valves 0, 6’ at either end. The 
boilers and engines are connected to this pipe by pipes of 
smaller capacity, two of such pipes, as ¢, ¢’, being connected 
to.each engine and two pipes, as @, @', to each boiler and 
the two sections of the main pipe, as shown. Each section of 
the main steam pipe is made large enough to furnish and to 
deliver the required quantity of steam. Should either sec- 
tion of the main pipe become deranged, by the closing of the 
valves on the boiler pipes opening into the deranged section, 
it will be entirely cut off fromthe boilers. The valves in the 
pipes connecting the engines to the deranged section of pipe 
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must also be closed, thus entirely cutting out the deranged 
section. 

Each main stop-valve on the pipe has a by-pass valve 
used for warming up, and so also has each valve on the con- 
necting pipes; the location of the stop-valves in the connect- 
ing pipes depends on whether the main pipe is above the 
boilers and engines or below the floor level. Should the 
main bean overhead pipe, the valves in the connecting pipes 
must be located close to the main and connect into the szde 
of the latter, not into the bottom. The reason for this is 
that no condensation collecting pockets must be formed at 
the junction of these pipes. Regular pockets are located at 
different points along the bottom of the pipe for such pur- 
poses. When the main is underneath, the valves are placed 
at the highest point of the pipes for the reason before given. 
In this case the boiler-pipe stop-valves must be close to the 
boilers. Expansion is amply provided for in every direc- 
tion in all the piping in this system by virtue of the form of 
the.several pipes. Condensation is taken care of by a suit- 
able system of drain pipes. 

With this system of steam piping the possibility of a 
shut-down is very remote. As can be seen by a close study 
of Fig. 5, one-half the entire piping may be cut out of ser- 
vice through derangement or other cause and still every 
unit can be continued in operation by simply manipulating 
the proper valves. This system of piping can be installed 
in plants where the arrangement of boilers and engines is 
different from that illustrated in Fig. 5 by modifying the 
piping without affecting the main features. 


STEAM PIPES. 


INTRODUCTION. 

22. Considerations. — The piping of a boiler plant 
requires that careful attention be paid to all the details as 
well as to the general design, not only in order to make it 
suitable for the purpose, but also in order to reduce the 
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liability of a breakdown. The main considerations regard- 
ing steam piping are: (1) The size of the pipes; (2) the 
arrangement and construction of the piping system; (3) the 
method of providing for expansion; (4) proper drainage. 


23. Material.—The main steam pipe in the past, at 
least for large pipes, was made of flanged cast-iron sections 
bolted together; but in nearly all modern plants wrought-iron 
or steel piping is used. In the smaller sizes connection 1s 
made between the sections by regular pipe fittings, but in 
the larger sizes the ends of the pipe are threaded and 
screwed into cast-iron, cast-steel, or forged-iron flanges, 
which are then bolted together. Wrought-iron and steel 
pipes, generally speaking, are safer and more reliable than 
cast-iron pipes for steam mains and are to be preferred 
where high pressures are to be carried. Copper piping is 
used occasionally, but quite rarely. 


SIZE OF PIPES. 

24. Proportions According to Velocity of Flow.— 
Steam pipes are generally proportioned so that the velocity 
of flow of the steam is 6,000 feet per minute in pipes carry 
ing live steam and 4,000 feet per minute in exhaust pipes. 

On this basis the area of a steam pipe can be found by 
rule 1. To find the corresponding diameter it is most con- 
venient to use a table of the commercial sizes of pipe, choos- 
ing the nearest size; or it may be found by dividing the area 
by .7854 and extracting the square root of the quotient. 


Rule 1.—7o find the area in square inches of a steam pipe 
for an engine or pump, multiply the areca of the cylinder, 
mm square inches, by the piston speed, tn feet per minute, and 
divide the product by 6,000 for a live-steam pipe or 4,000 for 
an exhaust-steam pipe. 


Ze : 
Or a = ——— for live-steam pipes, 
6,000 
Popes) 
and a = ——— for exhaust pipes, 


4,000 
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where @ = area of steam pipe; 
A area of cylinder - 
5 = piston speed. 


EXAMPLE. 
* 24" engine running 150 revolutions per minute. 


Find the sizes of steam and exhaust pipes for a 12” 


SOLUTION.—Applying rule 1, we get 


_ 122 x .7854 x 150 x 2x 24 


ee Sia a 
a 6,000 == ANG) Yo wholon 


which corresponds closely to a 4-inch pipe as the size of the steam 


pipe. By the same rule, we get 
12? x .7854 x 150 x 2x 34 


we : = = 17 sq. in., nearly, 
4,000 4 | 


as the area of the exhaust pipe. The nearest commercial size of pipe 
is.the 5-inch. Ans. 

25. Proportions According to Weight of Steam 
Discharged.—It sometimes happens that only the weight 
of the steam that is to be discharged per hour and its 
pressure are known. Then the area of the steam pipe can be 
found as follows: 

Rule 2.—Multiply the weight of steam per hour by the 
volume of a pound of steam at the given pressure, in cubte 
feet, as taken from the Steam Tables. Fora live-steam pipe, 
multiply this product by .0OO4,; for an exhaust-steam pipe, 
multiply by 0006. The product will be the areca in square 
mnches. 

Or, a= .0004 W YV for live-steam pipes, 
and a= .0006 W V for exhaust-steam pipes, 


where a = area of steam pipe; 
W = weight of steam per hour; 
V = volume of a pound of steam at the given pressure. 


Rule 2 is based on a constant velocity of flow of 6,000 
feet per minute in live-steam pipes and 4,000 feet in exhaust- 
steam pipes. 

ExaMPLeE.—What size pipe is required to convey 8,000 pounds of live 
steam per hour at 85 pounds pressure ? 


SoLutTion.—By the Steam Tables, the volume of a pound of steam 
at 85 pounds gauge pressure is 4.35 cubic feet. - By rule 2, 


a= .0004 x 3,000 x 4.85 = 5.22 sq. in. 
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The corresponding diameter is 22 inches, nearly, and the nearest com- 
mercial size of pipe is 2} inches. Most engineers would prefer to use 
a 38-inch pipe, as the 24-inch pipe has an area smaller than 5.22 sq. in. 
Ans. 
26. Sizes of Branch Pipes.—When several boilers are 
connected to the same main, the main does not need to be 
of the same size throughout. Let the boilers be numbered 
from 1 up, commencing with the boiler farthest from the 
engine. Then the section between boilers 1 and 2 need only 
be large enough to carry the steam from boiler number 1. 
The section between boilers 2 and 3 should have twice the 
sectional area of the first section; the portion between boilers 3 
and 4 should have 3 times the sectional area of the first sec- 
tion, and so on. Thus, if the diameter of the first section 
of the main pipe is 5 inches, the diameter of the next sec- 
tion should be 5 4/2 =7 inches; of the third section 5 4/3 
= 8} inches, nearly; of the fourth section 5 4/4 = 10 inches, 
for the reason that the areas vary as the square of the 
diameter. 


PROVISION FOR EXPANSION. 


2%. Introduction.—In putting up a steam pipe, due pro- 
vision must be made for expansion and contraction, which 
ordinarily amounts to about 1} inches per hundred feet of 
length in steam pipes. Expansion and contraction may be 
provided for either by a proper arrangement of the steam 
pipe itself or by so-called expansion joints. 


28. Pipe Arrangements.—When there is but one boiler 
and the engine is located fairly close to the boiler, a vertical 
pipe is generally run up from the engine to the level of the 
dome and a straight pipe then runs to the dome. If the 
vertical pipe is not too short, it is springy enough to bend 
easily and all expansion and contraction is easily taken care 
of by it without an undue straining of the joints. 


29. When several boilers discharge into the same main, 
the arrangement shown in Fig. 6 may be used for connecting 
each boiler to the main, which itself may be arranged as 
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shown in Figs. 3 and 4. From the dome, or from the shell, 
if there is no dome, the short length of pipe 4 rises verti- 
cally and connects with a horizontal branch £2, which is 
joined to the main pipe C by the short vertical pipe A’. The 
main steam pipe is thus allowed to expand or contract freely. 
The only effect of the expansion is to slightly turn the pipe B 
on A asa pivot. The elbow joining Band A’ should havea 
drain pipe and valve, as shown. 

The branch pipe leading from the steam dome of each 
boiler to the steam main must, of course, be fitted with a stop- 
valve, as shown. in order that each boiler may be cut into or 
out of service. 


FIG. 6. 


Sometimes there are two stop-valves fitted alongside of 
each other in the steam pipe leading from the boiler to the 
main and in cases where more than one boiler discharges 
into the main. The object of this arrangement is to facili- 
tate operations when the boilers are subjected to a hydrostatic 
test. Inspectors almost invariably will refuse to subject a 
boiler of a battery to a hydrostatic test while the other boil- 
ers are under steam and the boiler to be tested is shut off from 
the steam main only by a valve. They generally require 
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the boiler to be entirely disconnected and to have its outlet 
stopped by a blank flange. Obviously this disconnecting 
requires the whole plant to be shut down while it is going 
on. But if two valves are fitted in the branch pipe and the 
boiler is cut out by closing both of them, most inspectors 
will not refuse to make the hydrostatic test, considering 
this arrangement to be equivalent to a disconnected boiler 
stopped up by a blank flange. Obviously there is no neces- 
sity of shutting the plant down in order to prepare for the 
test of one boiler, and hence the test can be made at any 
convenient time. 


30. Expansion Joints.—Expansion joints may be made 
in various ways, the most common forms being shown in 


An OO Pp 
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FIG. 7. 

Figs. 7, 8, 9, and10. Fig. 7 shows the slip joint, which is 
provided with a stuffingbox in order to make a steam-tight 
joint. Slip joints should always havea fixed flange through 
which studs bearing check-nuts are passed, the object being 
to prevent the steam pressure forcing the joint apart. The 
nuts are not intended to ordinarily be in contact with the 
flange, as that would partially or entirely destroy the action 
of the joint. They are to be so adjusted that the joint can 
never come entirely apart. 

31. Fig. 8 shows a corrugated expansion joint, which is 
largely used on large 
exhaust pipes. As 1s 
shown, it is a short 


section of corrugated 
pipe, usually copper, to 
which flanges are brazed and which is put in the steam pipe 
in any convenient location, 


Fic. 8. 
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%. Another way of providing for expansion and con- 


traction is to use a length of curved copper pipe C, Fig. 9. 
The curved form of 
the copper section 
enables it to take 
up all the expansion 
or contraction of the 


steam pipe and also 


its own expansion or 
contraction. The 
ends of the copper 
pipe are brazed to 
brass flanges, which 


are bolted to the Ce 
flanges of the cast- 
iron sections. The 
sections of pipe are bolted together at the flanges. 


FIG. 9, 


33. <A slightly different form of a curved expansion pipe, 
which is familiarly known as a gooseneck, is shown in 
Fig. 10 (a). This acts in the same manner as the curved 
pipe shown in Fig. 9. Attention is called to the fact that 
curved pipes, as those in Figs. 9 and 10 (a), should always 
be placed with the bend upwards, in order that no water 
may collect in the bend. Fig. 10 (2) shows a form of bent 
pipe that is easily produced. While not as flexible as a 
gooseneck, it will still answer for many places. 

o4. Packing the Joints.—The joint between flanged 
sections of piping and between piping and expansion joints is 
made tight by facing the flanges and interposing between 
them a ring of India rubber or gutta percha. Sometimes a 
corrugated copper plate is placed between the flanges, and 
again a groove is cut in them and a copper wire placed in it 


DRAINAGE. 
35. Drainage is best provided for by so arranging the 
piping that all the water of condensation will, by gravity, flow 
towards a point close to the delivery end of the pipe and then 
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providing a drain pipe at that point. In the case of large 
pipes, a trap may be placed at the end of the drain pipe for 
automatic draining; 
the trap serves to seal 
the end of the drain 
pipe and thus prevents 
the waste of steam. In 
small pipes a valve is 
generally placed in the 
drain pipe, which is 
kept open while the 
steam pipe is being 
warmed up. 


36. Steam _ pipes 
should be so arranged 
that mo. pockets. ‘or 


angles are formed in 
which water may col- 
lect. .Where this can- 
not be avoided, the 
bend or angle should 
be provided with a 
drain cock or trap. 


(8) 

abe “Cie présence 

Fic. 10. of water in a steam. 

pipe is the cause of the so-called ‘‘ water hammer,” which is 

so often heard in steam-heating plants. Professor Thurston 

has experimentally shown that the pressure produced by 

water hammer may be ten times that which the pipe was 

expected to sustain in its regular work. In some cases the 

water hammer has caused boiler explosions by bursting the 
steam pipes. 


STEAM PIPE AND BOILER COVERING. 


38. The tops of boilers and other portions of the sur- 
face not in contact with the furnace gases should be cov- 
ered with some non-conducting substance to prevent the 


S 19 BOILER INSTALLATION. 21 


radiation of heat. The same is true of the steam pipes lead- 
ing from the boiler to the engine. A common and effective 
covering for the tops of boilers is ashes or loam. Where 
several boilers are set in a row, the ashes or loam is filled 
into the space between them until the surface is level. This 
form of covering is open to the objection that the ashes 
tend to gather moisture and hasten external corrosion, 
especially if the shell leaks under the covering. Ancther 
method of covering the exposed surfaces is to plaster them 
with a mortar of 4 plaster of Paris and 3 sawdust and after- 
wards cover them with a coating of asbestos, hair felt, or 
mineral wool, which may be tied on with wire. The whole 
is then covered with roofing paper. The following covering 
for steam pipes is taken from ‘‘Steam”: ‘‘ First wrap the 
pipe in asbestos paper; then lay strips of wood lengthwise 
along the pipe, from 6 to 12 in number, according to the 
size of the pipe, and bind them with wire or cord. Around 
this framework wrap roofing paper and fasten it with paste 
or'twine. If exposed to weather, use tarred paper or paint 
the exterior.”” Where flanges occur, space may be left to 
give access to the bolts and afterwards filled up with hair 
felt. 


39. Coverings are now manufactured by some concerns 
to fit the various sizes of steam pipe; they may be readily 
fastened to the pipe and are easily removed. They are gen- 
erally made of magnesia or asbestos, or a combination of the 
two, and appear to serve their purpose effectively. 


40. It has been demonstrated by actual experiment that 
the poorest covering that can be applied to steam pipes is 
much better (in preventing condensation) than no covering 
at all, so that it would be a good investment even to buy the 
poorest that can be obtained, where the alternative is an 
uncovered pipe. Asa general rule, the lighter (by weight) 
the covering, the better it is; the less condensation it gives, 
the higher its efficiency. But efficiency is not the only 
thing to be considered when determining upon a selection. 
A covering must be permanent and able to resist the 
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temperature of the steam within the pipes for a reasonable 


period of time. Cork has come into use in recent years for 


pipe coverings and has proved very successful. 
of the best non-conductors of heat, while at the same time it 
is of a durable nature, clean, and light. 


It 1s one 


41. Table I gives the results of tests made by Mr. C. L. 
Norton on different materials used for pipe covering. 


TABLE 


ie 


TESTS OF PIPE COVERINGS. 


At 200 Pounds Steam Pressure. 


Weight 
Name. B. T. U.loss | Per Cent. or per Foot of 

per Sq. Ft. |Ratio of Loss Thickness.} Length. 

Pipe Surface|to LossFrom] fnches. ¢ Inches 

per Minute. | Bare Pipe. Diameter. 

Ounces. 

Nonpareil cork, double-thick 1.00 ee 2.00 63 
Nonpareil cork, standard... 2,20 15.9 1.00 20 
Nonpareil cork, octagonal.. 2.38 17.2 .80 16 
Manville high pressure .... 2.38 1.2 1.25 54 
MIEYOTVSSIE NE Se apna os eater 2.45 A(t ett 30 
Imperialasbestos,.-..7...- 2.49 18.0 1.12 45 
PN aD SY Gears os Ate nia al 2.62 18.9 1.12 59 
NSIS RS Aine Collies soos cto on 2.77 20.0 deal 39 
Manville infusorial earth... 2.80 20.2 1.50 
Manville low pressure...... 2.87 20.7 1.25 
Manville magnesia asbestos 2.88 20.8 1.50 65 
NMAC NADESTOS semana 2.91 21.0 1.12 48 
Moldedtsectionalye se... 3.00 ol ake 41 
Asbestos fire board........ 3.33 24,1 al aby 30 
(Sail Cie Aer eee frie ee ey eee 3.61 26,1 1.12 66 
BARC SONG wee a ieee Pacaaee tol: 13.84 100.0 


42. Table II shows the relative values of 


a number of 


non-conducting materials as established by tests made by 


Mr. C. E. Emery. 
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TAB Ee 


RELATIVE VALUES OF NON-CONDUCTING MATERIALS. 


Material. Value. 
Bipdiemielin ne raced code eee 100.0 
Mineralawiool INO wees. sce on. 83.2 
Mineral wool No. 2 and tar.... als 
Pic MCIRES smerny Saran Pha veuhe he weet ae 68.0 
iMimerall wool iNiom lle. sce seek 67.6 
(CINE ORM asc oa oe on Mae 63.2 
Pine wood across grain........ 55.¢ 
JASE Minny eae ree eA oc pean cara oh Santee 55.0 
Sleulee CueliinGrenemanye seeetasetesesea « 48.0 
Gas noOuserCalW Olesen eit olen 47.0 
ESS IS CSO Seenere npr cat Gage poate a tesco 30.0 
Coaleasnese, omens hatin 34.5 
ote setne Hit Se. is. Peete lereca 5c Bien 
Air space 2 inches deep >... 2... 13.6 


STEAM APPLIANCES. 


INTRODUCTION. 

43. The steam appliances that aid in producing a greater 
economy in the use of fuel and steam that are in most com- 
mon use are the steam separator, the steam loop, the steam 
trap, the reducing valve, the economizer, and the recording 
gauge. These will be described in the order named. 


SEPARATORS. 
PURPOSE OF SEPARATORS. 
44, A separator is anapparatus designed to remove the 
entrained water, or the oil, dirt, and other impurities from 
a current of steam flowing through a pipe. When the 
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separator is intended to free the steam from water simply, 
it is placed on the main pipe leading from the boiler to the 
engine and as close as possible to the latter. When it is 
desired to remove the grease and dirt from the exhaust 
steam before condensing it and feeding it back to the boiler, 
the separator is placed in the exhaust pipe leading from the 
engine to the condenser. 


CLASSIFICATION. 

45. Steam separators may be divided into two general 
classes: (1) baffle-plate separators; (2) centrifugal separators. 
In a baffle-plate separator the steam comes into contact with 
plates placed generally at right angles to its direction of 
flow, thus changing the direction of flow abruptly. Ina 
centrifugal separator the steam in flowing through the 
device is given a whirling (rotary) motion. In either case 
the action of the separator depends on inertia. 


EXPLANATION OF ACTION. 

46. The manner in which inertia effects a separation of 
the steam and water or oil may be explained thus: Since 
water or oil is many times heavier than the steam, the 
inertia of the water or oil in a current of steam is much 
greater than that of the steam. Consequently, when the 
current of steam comes into contact witha baffle plate which 
abruptly changes its direction, the steam changes its direc- 
tion with ease, but the heavier particles of water or oil, by 
reason of their inertia, tend to proceed in their original 
direction and are dashed against the baffle plate, trickling 
down on it. In a centrifugal separator, the centrifugal 
force developed in the particles of water and oil, by reason 
of their greater weight, is greater than that of the particles 
of steam, and, consequently, they are thrown against the 
sides of the vessel, where they adhere and down which they 
trickle. 
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4%. The chief problem in designing a separator is to 
prevent the separated water or oil from being mixed again 
with the steam after separation from the steam; the many 
waysin which this problem may be solved quite satisfactorily 
account for the large number of separatorsin the market. 


CENTRIFUGAL SEPARATORS. 


48. The Stratton separator, shown in Fig. 11, belongs 
to the centrifugal type. It consists of a chamber with a 
steam inlet and outlet, and contain- 
ing a vertical pipe ¢@. The steam | yl 
enters by the inlet @ and is) de- 


flected by a curved partition that 
gives it a spiral motion about the 
pipe a. Theparticles of water are 
thrown off by centrifugal action 
and run down t 


1e walls to the 
bottom ofthe chamber. Thesteam 
passes through the pipe a and out the 
outlet @ in a practically dry con- 


dition. ‘The separator is provided 
with a drain pipe # for the removal 


oO oe 


of the water anda gauge glass ¢. es 
The wings J, 6 are four in number 


and are for the purpose of destroy- eg int 


ine the centmiugal effect of the Bil 


bottom of the separator. They aM 


likewise offer additional surface for 


the water particles to adhere to. bY) \ 
Were it not for these wings, the mei. ies <7 
steam would keep up its rotative Sa 
motion while passing up the ye h 


steam after it has reached the gil | | 


pipe @ and thus necessarily carry Ba. 


J 


some of the entrained water along with it. 


49, The Mosher centrifugal separator is shown in 
Fig. 12. In this separator the steam enters at a and flows 
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out at &. It is constrained to follow a helical path by the 
stationary worm c, and the centrifugal force generated 
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by this whirling motion of the current of steam causes 
the entrained water to be thrown against the sides of the 
chamber containing the 
worm, down which they 
flow through a long slit 
in the bottom into the 


receiver d@. 


50. Fig. 13 is a sec- 
tional view of the Simp- 
son centrifugal steam 
separator. In this the 
wet steam enters at a 


and is givena rapid whirl- 
ing motion by the sta- 


tionary helical guides, c, 
first passing downwards 
into the bottom d of the 
separator, where its whirl- 
ing motion is destroyed 
by wings, as é. The 
steam, which has now 


been freed from the 

Fic. 13. entrained water, passes 
up tne central pipe and out at & The path of the steam 
through the separator is clearly indicated by the arrows. 


A gauge glass o shows the amount of water. 
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BAFFLE-PLATE SEPARATORS. 

51. The Hine steam separator, or eliminator, as it is 
called by the makers, which is shown in Fig. 14, is a rep- 
resentative design of the baffle-plate class. In this separator 
the steam enters at a and strikes against the baffle plate 4, 
placed at right angles to its direction of flow. The water 


or oil dashed against the baffle plate flows along the corruga- 
tions shown to the corrugated sides of the chamber and 
down to the bottom, whence it is removed by a periodic use 
of the blow-off. The curved partitions ¢, ¢ assist in prevent- 
ing the steam from picking up any water in the bottom. 
The steam leaves the separator at d@. 
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52, The Austin steam separator shown in Fig. 15 also 
belongs to the baffle-plate type and greatly resembles the 
| Hine eliminator. The 
Steam. EMLenS Sale a, 
and isdeflected down- 
wards by the baffle 
plate @, which 1s 
grooved. The water 
dashed against the 
plate flows along the 
grooves to the sides 
and then to the bot- 
tom d of the separa- 
tor, The steam alter 
passing to the bot- 


tom again suddenly 
changes its direction, and any water not deposited against 
the baffle plate strikes against the curved partition in the form 
of a grate, as shown in the illustration, and falls to the 
bottom. The steam leaves the separator at ¢c. A drain 
pipe + and stop-valve wv are provided for draining the 
separator, and a glass water gauge 0 h 


shows the amount of water in the 
bottom chamber. 


EXHAUST HEADS. 
53. The exhaust head is a spe- 
cial form of separator that is to be 


placed on the end of the exhaust pipe 
of a non-condensing engine or pump 
in order to catch the water of con- 
densation and prevent its being 


bere 


scattered promiscuously over roofs, 
etc. in the vicinity of the exhaust FIG. 16. 

outlet. Exhaust heads, generally, also serve as mufflers, 
i. e., they deaden the sound of the exhaust. They are made 
in a variety of ways; all of them, however, depend on 


$19 BOILER INSTALLATION. 29 


changes in the direction of the current of steam for the 
separation of the water from the steam. 


54, Fig. 16 shows the construction of an exhaust head 
in common use and serves to emphasize its similarity to the 
separator. The exhaust steam enters through the pipe a, 
passes up through the branches 0, 4 and nozzles c, 
strikes against the top head /. It then passes downwards 


c, and 


through the cone d, and after making a sharp turn at the 
bottom of the cone escapes through eg. The water lodging 
on the different surfaces drips into the collecting chamber 


and drains out through the pipe &. 


THE STEAM LOOP. 


55. The steam loop is an appliance for automatically 
returning the water of condensation from a steam pipe, 
steam-heating system, steam separator, etc. to the boiler. 
Fig. 17 shows its construction when applied to a separator. 
When its principle of operation is understood, the loop can 
easily be modified to suit different conditions. 


56. The loop consists essentially of a riser d@, a bend 7 
acting as a check, a so-called horizontal ¢, a drop leg /, and 
a check-valve and globe valve in the pipe connecting the 
bottom of the drop leg to the boiler. While it is possible to 
operate the steam loop without a check-valve in the delivery 
pipe of the boiler, this should never be done on account of 
the danger of the water in the boiler a blowing back through 
the loop in case there should be much less than the boiler 
pressure in the system from which the loop is draining the 
water of condensation. 

5%. With a check-valve in the delivery pipe, the opera- 
tion is as follows: Owing to the condensation of the steam, 
the pressure in the horizontal ¢ will be slightly less than in 
the separator. In consequence, there will be a flow of steam 
up the riser @ and through the bend @ into the horizontal, 
and thence into the drop leg. Any water collected in the 
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separator will be carried along, and as the bend z prevents 
its return down the riser, this water flows along the horizon- 
tal pipe into the drop leg. The water continues to rise in 
the drop leg until the pressure due to its head being added 
to the pressure in the horizontal is sufficient to overcome 
the pressure within the boiler, when the check-valve is forced 
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open and the water flows into the boiler until the water has 
dropped so low in the drop leg that the pressure in the drop 
leg due to the head of water and the steam pressure is less 
than the boiler pressure, when the check-valve closes. The 
head of water is measured between the water level ¢ 


& of 


the boiler and the level at which the water stands in the drop 
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leg. Thus, if the water stands at the level ” /, the head is 
given by the distance 7. 


58. The distance m, in feet, from which the height of 
the drop leg can be determined depends on the difference in 
pressure existing at the separator and the boiler pressure. 
In practice, about 2.5 feet should be allowed for each pound 
difference in pressures. 


STEAM TRAPS. 


PURPOSE. 

59. A steam trap is an appliance for removing, period- 
ically, the water of condensation from steam pipes, steam- 
heating systems, separators, and similar apparatus without 
the waste of steam. Steam traps may or may not be 
required on gravity-return systems (similar to gravity-feed 
apparatus), depending on conditions. When the _ boiler 
pressure is low, a sufficient head of water to overcome the 
boiler pressure can often be provided for in the vertical 
height of the pipe through which the water of condensation 
returns to the boiler; in other cases, where the boiler pres- 
sure 1s too high, a special steam trap may be needed above 
the boiler level. In many cases the water of condensation 
is simply discharged into a reservoir, if it is desired to save 
it, or into the sewer. In the latter case, a simple form of 
steam trap is placed on the end of the return pipe, which 
trap permits the free passage of water, but prohibits the 
discharge of steam. 


CLASSIFICATION. 
60. Steam traps may be divided into two general classes 
in accordance with their construction and purpose. These 
classes are ofen traps and closed traps. 


61. An open trap may be defined as a trap that is con- 
structed in such a manner that it can only discharge into a 
vessel in which there is a lower pressure than in the trap. 
An open trap can be made to discharge into a vessel having 


32 BOILER INSTALLATION. Ae, 


wee) 


a higher pressure than there is in the trap in one case only, 
which exists where the trap can be placed high enough above 
the vessel into which it is to discharge to have a head of 
water in its discharge pipe sufficiently great to create a 
pressure that, added tothe pressure in the trap, will give a 
pressure higher than exists in the vessel into which it is to 
discharge. This condition exists in steam plants where the 
steam mains are overhead and are much higher than the 
level of the boilers: the condensation from the mains can 
in that case often be returned to the boilers by an open trap. 


62. A closed trap is constructed in such a manner that 
it can discharge water of condensation from a system in 
which there is a low pressure into a vessel in which there is 
a high pressure. When thus used, it must be placed several] 
feet above the vessel subjected to the high pressure. It 
may also be used to discharge into a vessel having a lowet 
pressure than é€xists in the system it drains or into the 
atmosphere. It is more economical, however, to use the 
cheaper open trap for this purpose, generally speaking. 


OPEN TRAPS. 

63. Float Traps. — The 
Eureka steam trap, shown 
in Fig. 18, is one of the sim- 


plest open traps and belongs 
tothe float type. It consists 
of a chamber a containing a 
hollow copper float 6 having 
a valve ¢ at its lower end 
and a guide at its upper end. 
The water of condensation 
enters. the top of the trap 
through the pipe d@ and 
leaves the trap through 4 
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pipe attached to the nipple ¢, 
which contains the valve seat for the valve c. 
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The operation is as follows: With the trap empty, the 
_ weight of the float holds the valve c to its seat. As water 
commences to flow into the trap, its buoyant effect tends 
to raise the float, and when enough water has run in the 
trap, the float rises, thus opening the outlet at ¢ and allow- 
ing some water to escape. As soon as sufficient water has 
run out of the trap to allow the weight of the float to over- 
balance the buoyant effect of the water, the outlet ¢ is closed 
again by the valve c and the operation is ready to be 
repeated. The action of the trap is thus seen to be auto- 
matic and intermittent. 


64. Bucket Traps.—The Albany steam trap, shown 
in Fig. 19, is an example. of a bucket trap. The water 
of condensation flows 


through the pipe 0 into 
the trap body a. Asthe 


water rises in the trap, (itt i ™ 
aS Beall 
UT 


it' floats the empty 
bucket c, and the valve 
shown in the center of 


the pot bottom closes 


the opening of the 
tube 7, which, through 


the passage ¢, connects 
with the outlet pipe d. Ee: 

It will be understood that the trap blows steam out of the 
outlet only when first put into service; after the trap has 
been used once, there is sufficient water left in the body to 
hold the outlet valve closed. As the water continues to rise 
in the trap body, it finally overflows into the bucket until 
the weight of the bucket is sufficient to cause it to 
drop. This opens the base of the pipe z and the steam 
pressure then forces the water im the bucket out of 
the outlet until the buoyant effect of the water outside 
the bucket is large enough to raise the bucket again and 
thus close the valve. The operation is now ready to be 
repeated, . 
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65. Expansion Traps.—There are a number of different 
traps in the market in which the discharge valve is operated 
by the expansion or contraction of some part due to changes 
in the temperature. While there is no doubt that they will 
work satisfactorily if properly taken care of, they are usually 
rather delicate in construction and require to be regulated 
very nicely, and hence will not stand as much abuse as those 
based on other principles. 


CLOSED TRAPS. 
66. Closed traps are often called return traps, being 
used chiefly for returning water of condensation to the 
boilers. The distinguishing feature of all return traps ys 
that they are provided with a live-steam connection and an 
automatic valve operated by the float or other device con: 
trolling the emptying of the trap, which valve admits live 
steam to the trap to equalize the pressure within it and the 
boiler into which it drains. 
6%. An example of a return trap is given in Fig. 20, 
which represents the Curtis return trap. It consists of a 
receiver @ containing 


the float z and having 
eonmected to at the 
water inlet pipe fitted 
with the check-valve d, 
the live-steam inlet 
pipe fitted with the 
stop-valve 4, and the 
water outlet pipe fitted 
with the check-valve c. 


t 
—=: = 
SSS. =} " 


A rotary valve e¢ serves 
to admit live steam to 
the trap. It is <con- 


nected by the rod ¢ to 


the rocker f by a stud 
FIG. 20. working in a curved 


slot. The rocker fis engaged bya pin in the lever 4, which 
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carries the float 7 on one end and a counterweight on the 
other. 


68. The operation is as follows: At first the live steam 
is shut off. As the water of condensation flows into the 
receiver, the float z rises and the loaded end of 4 descends. 
The stud in # engaging a lug of the rocker /, the latter 
rotates right-handed until the track confining the ball shown 
on / is inclined to the right. The ball now rolls down the 
track and causes the rocker / to rotate to its limit, which 
pulls the valve ¢ open and admits live steam to the trap. 
The receiver now empties, and as the float z descends, the 
rocker / will finally be rotated left-handed, which closes the 
steam valve. The operation is now ready to be repeated. 
The check-valve d prevents the live steam blowing back into 
the system being drained by the trap; the check-valve c¢ 
prevents the water in the boiler backing up into the trap. 


69. Most return traps will lift the water a reasonable 
distance, a vacuum being created in them through the con- 
densation of the steam. 


2 REDUCING VALVES. 

40. The primary purpose of a reducing valve is to 
reduce steam from a higher to a lower pressure for various 
purposes. Reducing valves are used chiefly in connection 
with steam-heating systems, but some may be and are used 
for supplying steam at a constant pressure to engines. 


“1. The reducing valves in most common use are 
designed to maintain a w7form pressure at the outlet, 
regardless of the original pressure. The Foster reducing 
valve, shown in Fig. 21, is a representative design of this 
class. 

The steam inlet is at A; the outlet may be at either B 
or C. Two valves ¢ and g, connected together by the 


oO) 
sleeve 7, are rigidly attached to the valve stem G. The 


> 


valves are guided by four wings, as shown; the valve stem 
is guided in a hole in the bonnet UV. When the valve is not 
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in use, the valves ¢e and 2 are wide open. The operation of 
the valve is as follows: When steam is first admitted, it 
passes through the annular 
i yy openings between the valves 
UU and their seats to the outlet. 
Some of the steam on the 
outlet side of the valve 


passes through the small 


steam port / into the dia- 
phragm chamber J); it acts 
on the under side of the 
diaphragm / and forces it 
upwards until the force ex- 
erted on the diaphragm by 


the steam balances the re- 
sistance Of the spring, 7, 
As is well known, the 

Biceat. resistance of a _ spring 
increases very rapidly when compressed. To counteract 
this increased resistance, the diaphragm acts on the spring 
through the intervention of the togglejoint aa, which 
allows the diaphragm to act with an increasing leverage 
when forced upwards. The togglejoint is so proportioned 
that the movement of the diaphragm is directly propor- 
tional to the steam pressure. In order that a small move- 
ment of the diaphragm may cause a large movement of the 
valves, the valve stem is not connected to the diaphragm, 
but toa pair of multiplying levers +, x. When the pres- 
sure of the entering steam is increased, the increased 
pressure will force the diaphragm upwards, the valves move 
towards their seats, and the area of opening is decreased. 
This wiredraws the steam to the pressure for which the 
valve is set. When the pressure of the entering steam is 
reduced, the reverse of the above takes place. Since the 
area of opening (and hence the steam pressure on the out- 
let side) depends on the relative position of the valves in 
regard to their seats, and since the position of the valves is 
governed by the resistance of the spring /, it follows that 
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the pressure to which the valve will reduce the entering 
steam may be adjusted by increasing or diminishing the 
resistance of the spring /. To allow this to be readily 
done, anut Ais provided. The device illustrated will not 
only reduce the pressure, but will also regulate it auto- 
matically; that is, although the pressure of the entering 
steam may vary considerably, as long as its pressure does 
not fall below the pressure for which the valve is set, it will 
give a practically uniform pressure on the discharge side. 
A steam gauge should be fitted to the steam pipe on the dis- 
charge side. 


THE ECONOMIZER. 


72. Economizers make use of the heat in the waste 
furnace gases to raise the temperature of the feedwater. 
The temperature of the gases on entering the chamber is 
usually from 450° to 650° F. By lowering the temperature 
to 250° or 300°, a marked saving of fuel must result. The 
draft of the chimney, however, depends on the temperature 
of the gases. The loss in draft that results from the reduc- 
tion of the temperature of the flue gases may be made up by 
increasing the height of the chimney. 


G3. Fig. 22 shows the position of an economizer with 
respect to boilers and chimney. As will be seen, it is placed 
directly in the flue. The water enters at /, where the 
economizer is coolest, and flows along the pipe G. From G 
the water flows out at right angles to its former direc- 
tion through a series of horizontal parallel headers A’ and 
up the rows of vertical tubes H, 7, etc. that connect 
with them. Each of these vertical rows has an upper 
header WV, NV, etc. that has an outlet into the delivery 
pipe 7 to which is connected the pipe / leading to the 
boilers Z, Z. The hot gases from the boilers pass through 
the rows of tubes on their way to the chimney, coming into 
contact with the rows containing the hottest water first. 
The feedwater may be heated by this means to as high 
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as 300° F. and the temperature of the gases reduced from 
the neighborhood of 600° to 250° or 300°. 


74. The hot gases deposit soot and other unconsumed 
particles upon the tubes. Since soot is a very bad conduc- 
tor of heat, the efficiency of the economizer will soon be 
greatly impaired unless means are provided for removing 
the soot. This is accomplished by scrapers O, O, ete., which 
are moved up and down by means of a suitable mechanism 
on top of the economizer. 4/7, 7 are openings for the 
removal of the soot scraped from the tubes. 

The piping should always be arranged so that the cold 
water may be pumped directly into the boiler, if necessary, 
without first passing through the heater or economizer. 
Then, if the heater gets out of order, the boiler may be still 
used. 


THE RECORDING GAUGE. 

75. As implied by the name, a steam-pressure recording 
gauge is a device that produces an accurate and complete 
record of the steam pressure, giving all the variations with 
the exact time and duration of each change. These changes 
are registered on a chart, which is generally changed day 
by day and filed away for future reference. 


76. In all recording gauges there is a pencil attached to 
a suitable spring-loaded mechanism, similar to a steam- 
engine indicator; the pencil moves up and down with the 
variation in pressure and traces a line on a chart placed on 
a drum or the face of a wheel that is revolved by clockwork. 

%%. <A recording gauge not only settles, beyond the pos- 
sibility of any dispute, the question of what the steam pres- 
sure was at a particular time, and thus allows the blame for 
any accident or other happening to be traced to the right 
source, but it also tends to insure greater economy in the 
operation of the plant, as it exhibits clearly, by the deviation 
from a straight line of the line traced by the pencil, any 
neglect on the part of the fireman. 
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SELECTION OF BOILERS. 


INTRODUCTION. 


%8. The selection of a type of boiler for a prospective 
plant or for one that already exists depends on several 
things that should be carefully considered before a decision 
is made. There is no doubt that in some cases it is difficult 
to make a selection of a type to meet all the requirements, 
but then the relative merits of the individual considerations 
should be weighed rather than the considerations them- 
selves. The principal considerations with which we have to 
deal when selecting a type of boiler for a given plant are 
given in the following articles. 


79. Nature of the Feedwater.—Waters that abound 
in scale-forming matter should decide in favor of the plain 
cylindrical or the horizontal tubular boiler, because of the 
comparative ease with which they can be cleaned at a mini- 
mum cost. Water-tube boilers using such waters rapidly 
become ‘‘scaled”’; the scale can only be removed in most 
cases (without injuring the boiler) by the application of 
expensive apphances, which, considering the type of boiler, 
consume considerable time in the operation. 


80. Kind of Service.—Boilers that are to be installedin 
buildings in which there are a number of people should 
preferably be of the water-tube type, because of the compar- 
ative safety of this type. Boilers for sawmills and similar 
places should preferably be of the simplest construction and of 
the fire-tube type, because of the fact that they will not 
receive the care that a water-tube boiler requires. For rail- 
way power stations, where the rapid raising of steam is fre- 
quently demanded, the water-tube boiler should be selected, 
because of its superiority in this respect. Boilers that are in 
almost constant service, where time for repairing, cleaning, 
and overhauling is extremely limited, should be of the hori- 
zontal tubular type, because of its ability to stand such 
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service for a longer period of time with the minimum 
amount of overhauling than most other types. 


$1. Influence of Available Labor.—This is an impor- 
tant consideration and cannot be given too much thought. 
The water-tube boiler requires more care than the fire-tube 
boiler, which is so largely used in stationary work. <A plant 
in which there is only one attendant should in general not 
be equipped with water-tube boilers, because the attendant 
will not have the requisite amount of time to properly care 
for them. On the other hand, plants that have an attendant 
just for the purpose of taking care of boilers could safely 
be equipped with water-tube boilers, as far as this consid- 
eration is concerned. Experience has shown that it requires 
a larger force of men to operate and maintain the water-tube 
boiler than it does for any other type. This statement is 
contrary to the claims of makers of water-tube boilers; 
however, it represents the opinion of many operating 
engineers, 


‘82. Available Space.—This consideration alone fre- 
quently leaves no choice in the matter. . For shallow base- 
ments and out-of-the way corners, no boiler is as suitable as 
the horizontal return tubular. Of course, where space is 
plentiful, other considerations may cause a different type of 
boiler to be chosen. 


83. Steam Pressure to be Carried.—Water-tube boil- 
ers are best adapted for high pressures, because they are 
stronger. Take, for instance, the tubes; in a water-tube 
boiler the pressure is internal, while in the fire-tube boiler 
or flue type, the pressure is external, tending to collapse 
the tube or flue. Now, since for equal thicknesses and 
diameters a cylindrical body will collapse under less pressure 
than that which will tear it asunder, it follows that the 
water-tube boiler, with tubes equal in size to those of a fire- 
tube boiler, will stand safely a higher working pressure. 


84. First Cost.—When first cost is the principal consid- 
eration on which a selection is made, the plain cylindrical 
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and horizontal tubular boilers are the most economical to pur- 
chase. But sometimes the practice of such initial economy 
proves to be the most expensive in the end, so that this con- 
sideration should not be given too much weight apart from 
the others. From this it must not beinferred that the most 
expensive boiler (first cost) is always the most economical. 
Other considerations and conditions bear largely on the 
question. 


85. Expense of Operation and Maintenance.—The 
principal item affecting the cost of operation of the different 
types of boilers is the evaporative efficiency of each. The 
boiler that has the highest efficiency will cost the least for 
operation, assuming other things to be equal. With regard 
to repairs, it may be said that in general the water-tube 
boiler is the most costly, if it is to be kept in first-class 
condition, 


86. Influence of Location.—It would not be wise to 
instal a boiler whose construction demands frequent over- 
hauling and repairing to keep it in thorough condition in a 
place remote from where such work could be done by skilled 
hands and with the proper appliances. Such a location 
demands the simplest make of boiler and that which is the 
least liable to require extensive overhauling and repairs. 


BOILER MANAGEMENT. 


GETTING UP STEAM. 


FILLING THE BOILER. 


1. Precautions.—Assuming that an old boiler has been 
cleaned or that an entirely new boiler is all ready to be filled 
and started, the course of action described below, which is 


practiced by many engineers, 1s recommended. 


2. Before filling the boiler it should be carefully exam- 
ined internally, to see that no tools, lamps, or other foreign 
matter has been allowed to remain. In a new boiler par- 
ticularly, care must be taken that no oil is left on any of the 
internal surfaces in contact with water, wiping the surfaces 
clean. The presence of oil is due to the leakage of lamps or 
cans that the workmen have been using during construction. 
Should oil be allowed to remain in the boiler, it would tend 
to prevent the water from coming in contact with the metal, 
which condition ts liable to lead to an overheating of the 
parts exposed to the fire. In connection with this it may 
be mentioned that with an increase of temperature above 
600° F., iron or steel becomes weaker; hence, it is important 
to constantly keep the water in contact with one side in 
order to prevent a dangerous increase of temperature of the 
metal. 


3. Closing the Boiler.—Before starting the water into 
the boiler, any of the manhole plates or handhole plates that 
§ 20 
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have been removed preparatory to cleaning and overhauling 
must be replaced. It must be observed that the gaskets 
(or joints, as they are sometimes called) are in good condi- 
tion and also the surfaces with which such gaskets come in 
contact. It is usual to place a mixture of cylinder oil and 
graphite (black lead) on the outer surface of the gasket, so 
that it may be removed without tearing; the plate and 
gasket then come off together as one piece, thus allow- 
ing the gasket to be used again. It is important that the 
manhole plates and handhole plates be properly replaced 
and secured in order te prevent leakage. Such leakage can 
rarely be stopped by tightening and will generally necessi- 
tate blowing the boiler down and a remaking of the joint. 
It is advisable to avoid such mishap with its attendant delay 
by making the joints carefully, using new gaskets if there is 
the least doubt about the old ones. The blow-off valve 
should be closed in case inspection shows it to be open. 


4. Amount of Water Required.—The boiler should be 
filled until the water shows half way up in the gauge glass, 
assuming that the latter has been correctly placed. The 
attendant should satisfy himself of this matter when first 
taking charge of a boiler or boilers. In any case, the water 
should be run up high enough to cover all parts of the boiler 
that are subjected to the action of the fire and hot gases on 
the outside. 


5. Methods of Filling the Boiler.—In some cases the 
water can flow in and fill the boiler to the required height 
by the pressure which exists in the main supply pipe, the 
piping being arranged to permit this. In other cases it may 
be necessary to use a hose or to fill with a steam pump or 
hand pump, the location of the plant and existing conditions 
determining just which method is to be practised. 


6G, Escape of Air.—While filling a boiler it is necessary 
to make provision for the escape of the contained air, since 
otherwise the pressure caused by the compression of the air 
may prevent the boiler from being filled to the proper 
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height. Most boilers have some valve that can be used for 
this purpose; generally the safety valve may be raised or 
the top gauge-cock may be left open until steam issues there- 
from, when it may be closed. Sometimes the manhole plate 
is left off while filling a boiler; the air then escapes through 
that opening. 


MANAGEMENT OF FIRES IN STARTING. 


4%. Precautions.—After the boiler has been filled and 
before starting the fire, the attendant should see that the 
water column and connections are perfectly clear and free, 
i. e., that the valves in the connections and the gauge-glass 
valves are open so that the water level may show in the 
glass; he should also see that the gauge-cocks are in good 
working order and open the top cock or the safety valve ; 
he should take care that the stress on the stop-valve spindle 
is relieved by just unscrewing the valve from the seat 
without actually opening it. If this were not done, the 
unequal expansion of the parts during the raising of steam 
would tend to unduly strain some of the weaker parts, and, 
furthermore, the valve would be difficult to open. He 
should make sure that the pump, or injector, or whatever 
device is used to feed the boiler, is in good working order, 
and ready to start when required. In general, he should 
see that everything is in readiness. 

8. Laying and Starting Fires.—It is usual to cover the 
grates with a layer of coal (if coal is the fuel used) first, and 
then add the wood, among which may be thrown oily waste 
or other combustible material that may be at hand. To 
start the fire, light the waste or other easily ignited mate- 
rial and open the damper and ash-pit doors to produce draft. 
Then close the furnace door. After the wood has been well 
started to burn, spread it evenly over the grate and. add a 
fine sprinkling of coal, until this in turn begins to glow, 
when more coal may be added and the fire occasionally 
leveled until the proper thickness of fire has been obtained. 
It sometimes happens that the chimney refuses to draw; 
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the draft can generally be started, however, by building a 
small fire in the base of the chimney. 


9, Importance of Slow Fires.—It should be borne in 
mind that when getting up steam the fire should not be 
forced, but, instead, should be allowed to burn up gradu- 
ally, thus giving the boiler a chance to expand more uni- 
formly under the action of the increasing heat. By forcing 
the fire, the plates or tubes that are nearest the fire suffer 
extreme expansion, while those parts that are remote from 
the fire are still cold; under such conditions the seams and 
rivets, and also the tube ends, which are expanded into the 
tube plates, are liable to be severely strained, and, possibly, 
permanently injured. It is not desirable to raise steam in 
any boiler (excepting in steam fire-engines, which are so 
constructed as not to be materially injured by so doing) in 
less than from 2 to 4 hours, according to the size, from the 
time the fire is first started. When steam begins to appear 
from the top gauge-cock or raised safety valve, as the case 
may be, then it may be closed and the pressure allowed to rise, 
but still slowly, until the desired pressure has been reached. 


10. Trying the Attachments Under Steam.—After 
the pressure at which the boiler is to run has been reached, 
before cutting it into service, all the valves and cocks should 
be tried under pressure. The safety valve should be raised 
and its action noted; the water column should be blown out 
and the gauge-cocks tested; the feeding apparatus should 
be tried; and it should be noted particularly if the check- 
valves seat properly and the valve in the feedpipe is open. 
All the accessible parts should be examined for leaks. Every- 
thing proving to be in good order, the boiler is now ready 
to cut into service. 


CONNECTING BOILERS. 


11. Cutting a Boiler Into Service.—Cutting a boiler 
into service is accomplished by opening the stop-valve, thus 
permitting the steam to flow to the engine or other mech- 


anism. The stop-valve, and in fact any valve that is 
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subjected to great pressures, should be opened very slowly to 
prevent too sudden a change in the temperature and expan- 
sion of the piping through which the steam flows and to 
prevent water hammer. The latter is caused by large bodies 
of condensed steam being thrown violently forwards by the 
inrushing steam, due to opening a valve too quickly. Water 
hammer is able to prove disastrous to the piping, the heavy 
blow due to the momentum of the body of condensed steam 
moving with a high velocity being likely to cause a leaking 
of the joints, if not a breaking of the pipes. To prevent 
the accumulation of water, the steam-pipe drain should be 
kept open until the pipe is thoroughly warmed up; that is, 
until nothing but steam issues from the drain. In large 
plants with many boilers and long steam mains it takes sev- 
eral hours to thcroughly warm these pipes by a slow circu- 
lation of the steam, and not until then is the main stop- 
valve fully opened. 


12. Connecting Boilers of a Battery.—Before con- 
necting the different boilers of a battery together, i. e., to 
the same steam main, the precaution of equalizing the pres- 
sures in the different boilers must be observed in order to 
prevent a sudden rush of steam from one boiler to another. 
The pressures should all be equal within a variation of, say, 
2 pounds before an attempt is made to connect the boilers. 


13. Changing Over.—In plants where there are dupli- 
cate sets of boilers, one set being in operation while the 
other is undergoing repairs, overhauling, and cleaning, the 
method of changing over, or connecting, is as follows: Start 
fires and raise steam in the boilers that are to be cut into 
service. Allow the pressure to rise in all to within 5 pounds 
of that which is in the boilers in operation; for example, 
suppose the gauge pressure carried in the boilers in opera- 
tion be 100 pounds, then allow the rising pressure to reach 
95 pounds. The boilers will then be all ready to change 
OVeL, OF GCONHECE: 


14. All arrangements before changing over should be 
made with a view to getting all the heat that can be obtained 
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from the fires in the boilers that are to be cutout. This can 
be accomplished by running until the fires have given up all 
of their available heat for making steam, as indicated by 
the gradual fall in pressure when the dampers are wide 
open, and then making the change. While the fires in one 
set of boilers are burning low and the pressure is falling, 
the pressure in the boilers to be cut in is gradually rising 
and meeting, so to speak, the falling pressure of the set in 
operation. When the difference of 5 pounds is reached, 
change over. A man should be stationed at each stop-valve, 
and while one is being opened the other should be closed; 
the engine will continue running uninterruptedly while the 
change is being made. 


15. The boilers having been cut in, it will be in order to 
change the appliances over, such as the engine-room steam 
gauge, which is in connection with both sets of boilers, 
valves being the medium through which the connection is 
made, and the feed apparatus, etc. To do this, the valves 
must be closed on the boilers that have been cut out and 
opened on the set that has been cut in, thus connecting the 
gauge, etc. to the boilers in operation. 


16. The reason a difference in pressure is suggested at 
the time of changing over is because of the fact that the 
water of condensation at the dead end of the steam pipe 
will flow into the boilers to be cut in when the stop-valves 
are opened, instead of rushing fowards the engine, as it would 
otherwise do. This water running into the boilers can do 
no harm, while the same cannot be said were the conditions 
reversed. 


1%. After aset of boilers has been cut out and all the 
valves that require it are closed, it should be allowed to 
stand at least one day before commencing overhauling. 
Should the boiler be immediately emptied (blown down) and 
opened up after being cut out of service, the rapid contrac- 
tion of the parts cannot be other than detrimental to 
the life of the boiler. Furthermore, if the boiler with its 
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contained water is allowed to cool down gradually, the 
sediment will not be baked hard. Of course, it will be 
understood that the foregoing instructions are general in 
character and they may have to be modified to meet exist- 
ing conditions in certain plants, when the good judgment of 
the operator will be in demand. 


MANAGEMENT WHILE RUNNING. 


EQUALIZING THE FEED. 


18. When the boilers of a battery have been cut into 
service and hence are all connected together through the 
steam main, the regulation and equalization of the feed- 
water becomes an important factor in the general manage- 
ment while the boilers are in operation. Each boiler has its 
own check-valve and feed stop-valve, and generally all the 
boilers are supplied from one pump, which is running con- 
stantly. The quantity of water admitted to each boiler is 
regulated by its feed stop-valve. When the water gets low 
in any boiler, as indicated by the gauge glass, its feed stop- 
valve is opened wider, thus permitting a greater quantity to 
enter in a given time, while at the same time the feed stop- 
valves on one or more of the other boilers in operation may 
be closed partially and thus divert the feedwater to the one 
most requiring it. Some boiler plants have check-valves 
with an adjustable lift; in that case the feed is equalized 
generally by adjusting the lifts of the check-valves, the 
stop-valves being left wide open while running. It will be 
understood from the foregoing that the object in view is the 
maintaining of an equal water level in all the boilers 
through the manipulation of the feed stop-valves or check- 
valves. <A boiler that is not doing its legitimate share of 
the steam producing may be known by the fact that the feed 
stop-valve or check-valve on that boiler will be nearly if not 
quite closed most of the time. 


rw) 
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THE FIRES. 

19. General Considerations.—The safe and economical 
operation of steam boilers calls for careful and intelligent 
management. The fires should be kept in such condition 
as to maintain the desired pressure and to burn the fuel 
with economy. Different fuels require different handling 
and hence only general rules can be given; much will 
depend on the skill and judgment of the attendant, who 
must himself discoverin each case by actual trial the best 
method to adopt and pursue. The fires require to be cleaned 
at intervals; the time and method of so doing depend on 
conditions, such as the nature of the fuel, the rapidity with 
which it is being consumed, the style of grate in use, and 
the construction of the furnace. Here much is left to the 
choice and judgment of the attendant, who should readily 
discover what is best to be done in any particular case. 


20. Cleaning Fires.—There are two methods employed 
in cleaning the fires: First, that of cleaning the front half 
and then the rear half; second, that of cleaning one side and 
then the other side of the fire. 


21. In the first method, previous to cleaning, green fuel 
is thrown on and allowed to partially burn until it glows 
over the entire surface. The new and glowing fuel is then 
pushed to the back of the furnace with a hoe, leaving nothing 
on the front half of the grate but the ashes and clinkers, 
which are then pulled out, leaving the front end of the grate 
entirely bare. The new fire which had been pushed back is 
now drawn forwards and spread over the bare half of the 
grate. The ashes and clinkers that are on the rear half of 
the grate are then pulled over the top of the front half of the 
fire and out through the furnace door; this leaves the rear 
half of the grate bare, which must be covered by pushing 
back some of the new front fire. The clean fire having been 
spread evenly, some new fuel must be spread over the entire 
surface. 


22. The second method referred to is substantially the 
same in principle as that just described, with this difference 
> 
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the fire is pushed to one szde instead of to one end of the 
furnace, as in the first method described. s 


23. The condition of the fires themselves and the nature 
of the service of the plant will soon determine just how often 
and at what time the cleaning of fires should take place. In 
general, the fires in stationary boilers require cleaning at 
intervals of from 8 to 12 hours. Fires require cleaning more 
often when forced draft is used than when working with 
natural draft. 


24. Importance of Rapid Cleaning. — Rapidity in 
cleaning is of great importance, since during cleaning a 
large volume of cold air enters the furnace and chills the 
metallic surfaces with which it comes in contact; conse- 
quently, the boiler suffers, even though it be in a small 
degree. It is the greatest advantage of shaking grates that 
they allow the fire to be cleaned without opening the furnace 
door; the inrush of cold air and consequent chilling of the 
plates, etc. is thus avoided. 


25. Preparing for Cleaning.—The steam pressure and 
the water level should be run up as high as is safe and the 
feed should be shut off before starting to clean fires, in order 
to reduce the lossin pressure while cleaning. The condition 
of the fire during cleaning and the open furnace doors 
cause the pressure to drop quite rapidly, but the rapidity 
and the amount of drop will be reduced by taking the pre- 


cautions mentioned and cleaning rapidly. 


26. Drop in Pressure While Cleaning.—The amount 
of drop in pressure while cleaning fires depends on several 
conditions that may exist and the effects of which should 
be understood by the attendant in order that he may govern 
himself accordingly. Every plant has its own individuality 
in this respect, which depends on the local conditions, and 
these must be studied. For example, with a boiler that has 
a small steam space and in addition is too small for the work 
required of it without forcing, it is to be expected that the 
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drop in pressure will be much more than if the reverse con- 
ditions exist. Furthermore, it may be necessary to clean 
fires while steam is being drawn from the boiler, instead of 
being able to clean at a time when the engine is stopped. In 
that case a greater drop must be expected than when clean- 
ing while no steam is drawn from the boiler. Whenever it 
is possible, it is advisable to do the cleaning at a time when 
no steam is being drawn from the boiler or when the demand 
for steam is light. 

2%. When cleaning fires in a battery of boilers, it should 
be the aim to clean them in rotation, in order that the drop in 
pressure may be small. 


CARRYING A UNIFORM PRESSURE. 


28. Benefit Derived.—The attendant should aim to 
carry the pressure in his boiler as uniform as possible and 
not allow it to fall below the standard at one time and then 
permit it to rise above it at another time. By the ‘‘ stand- 
ard” is meant that pressure which has been predetermined 
on to operate the plant. If 100 pounds gauge pressure is 
the standard desired or required, he should try to sustain 
that pressure throughout the day. 


29. The reason why a steady steam pressure and a 
steady water level are conducive to economy in the use of 
fuel is to be found in the fact that with these conditions in 
a properly designed plant there will be a fairly steady tem- 
perature in the furnace, which, under normal conditions, is 
sufficiently high to insure a thorough ignition of the volatile 
matter in the coal. Now, with a constant demand for 
steam, a fluctuation in the steam pressure is caused by a 
change in the furnace temperature (assuming the feedwater 
supply to be constant), and whenever the steam pressure is 
down, the furnace temperature is low at the same time. In 
consequence of this, large quantities of the volatile matter 
in the coal often escape unconsumed and a serious loss of 
heat is thus caused. Furthermore, with a steady steam 
pressure the stresses on the boiler are constant, and since 
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under a constant stress the deterioration of iron and steel is 
much less rapid than under varying stresses averaging the 
same as the constant stress, the deterioration will be reduced, 
and hence the life of the boiler will be increased and repair 
bills will be smaller than otherwise. 


30. Directions.—During the period of time between 
the cleaning of the fires, the pressure may be carried nearly 
uniform by observing the following instructions: Manipulate 
the feeding apparatus so that just the necessary amount of 
water constantly enters the boiler, and thus maintain a con- 
stant level. If intermittent feeding is practiced (because of 
local conditions, as, for example, on account of an injector 
or pump that is so large that it would be impossible to run 
them continuously without materially increasing the height 
of the water level), the time to stop feeding is just before 
firing; that is, do not feed while firing nor resume feeding 
until the new fire begins to make steam, as indicated by the 


rise of pressure on the gauge. 


31. If the pressure tends to rise above the standard, 
partially close the dampers and increase the quantity of 
feed, assuming here that no damper regulator is fitted and 
that hence the damper is regulated by hand. A damper 
regulator, proper firing, and constant feeding are essential 
for carrying a practically uniform pressure. Should the 
pressure continue to rise, throw on more green fuel, close 
the damper, increase the feed, 1nd only as a /as¢ resort open 
the furnace door. 

32. <A uniform steam pressure cannot be kept without 
proper firing. The following directions should be observed: 
Keep the fire of uniform thickness and allow no air holes in 
the bed of fuel. Fire evenly and regularly and not too much 
Keep the fire free from ashes and clinkers and as 
Keep the ash- 


at a time. 
clean at the corners and sides as at the center. 
pit clear. Do not clean the fires oftener than necessary. 
33, In connection with maintaining a constant water 
level, observe the following: The first duty of the fireman 
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on going to work should be to examine the water level. 
The gauge-cocks should be tried; the gauge glass is not 
always reliable. Ina battery of boilers the gauge-cocks on 
cach boiler should be tried. Some serious explosions have 
resulted from the fact that the fireman only consulted the 
water level in the first boiler and took it for granted that 
the water level in the other boilers was the same. 


34. Should the pressure get below the standard at 
times other than while cleaning the fire, open the damper 
and shut off the feed, and in plants where there are many 
pumps and auxiliary engines, shut off one or more of those 
that are not absolutely required to be constantly running. 


35. The person in charge of the boiler must modify the 
foregoing instructions to suit the local conditions of the 
plant in which he is. 


PRIMING AND FOAMING. 

36, Priming.—Priming is analogous to boiling over; 
the water is carried into the steam pipes and thence to the 
engine, where considerable damage is liable to take place if 
it is not checked in time. There are several causes for 
priming, of which the most common ones are the following: 

1. Insufficient boiler power; 

2. Defective design of boiler; 

3. Water level carried too high; 

4. Irregular firing; 

5. Sudden opening of stop-valves. 

3%. When the boiler power is insufficient, the boiler is 
forced in order to furnish enough steam, and, consequently, 
the steam bubbles rise through the water at such speed that 
they carry particles of water with them by friction and 
adhesion. The best remedy is to increase the boiler plant; 
the next best thing to do is to put in a separator, which 
obviously will only prevent the entrained water from reach- 
ing the engine, but will not stop the priming. 
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38. Defective design of a boiler generally consists of 
too small a steam space or a bad arrangement of the tubes, 
which may be spaced so close in an effort to obtain greater 
heating surface as to interfere seriously with the circulation. 
In horizontal return-tubular boilers, a small steam space can 
be cured by the addition of a steam drum; sometimes the 
top row of tubes can be taken out to advantage, which per- 
mits a lower water level. Defective circulation is difficult 
to detect and to remedy; if believed to be due to too close a 
spacing of the tubes, a marked betterment has occasionally 
been effected by the removal of one or two vertical rows of 
tubes. 


39. The remedy for too high a water level is obvious— 
carry the water at a lower level. With irregular firing, 
especially when the draft is strong, the evaporation rate will 
be so high at times that the steam bubbles will rise at such 
speed as to carry water with them, just as in the case of 
insufficient boiler power. The sudden opening of a stop- 
valve means a momentary local lowering of the pressure 
near the steam outlet from the boiler, in consequence of 
which some of the water in the other parts of the boiler 
will, by the greater pressure, be thrown towards the outlet 
and mix with the steam rushing from the boiler. 


40. Priming manifests itself first by a peculiar clicking 
sound in the cylinder of the engine, due to the water being 
thrown against the heads. In cases of very violent priming, 
the water will suddenly raise several inches in the gauge 
giass, thus showing more water in the boiler than there 
really is. When priming takes place, it can be checked tem- 
porarily as follows: Close the damper, and thereby check the 
fires until the water is quiet; the engine stop-valve should also 
be partially closed to check the onrush of water. Observe if 
the water drops in the gauge glass, and then if more feed is 
needed, increase the feed. To prevent damage to the engine, 
open the cylinder drains. Regular and even firing tend to 
prevent priming. 
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41. Foaming.—Foaming is not synonomous with pri- 
ming, though frequently considered so. Foaming is the result 
of dirty or greasy water in the boiler, and, as the name 
implies, the water foams and froths at the surface, but does 
not lift, as in the case of priming. A boiler may prime and 
foam simultaneously, but a foaming boiler does not always 
prime. Foaming while taking place is visible in the glass 
gauge and is best cured by using the surface blow-off. If 
no surface blow-off is fitted, the bottom blow-off may be 
used in order to get rid of the dirty water. Foaming, the 
same as priming, will cause a wrong water level to be shown, 
and hence the first thing to do in case of foaming is to 
quiet the water by checking the outrush of steam, either by 
slowing the engine down or checking the fire, or by both. 


SHUTTING DOWN FOR THE NIGHT. 

42. Preparations.—Before shutting down for the night ° 
it is advisable to fill the boiler to the top of the glass, so as 
to be sure to have sufficient water to start up with in the 
morning. The presence of possible leaks through the valves, 
tube ends, or seams necessitates this course of action being 
taken. Even if no leaks exist, itis a good practice to do this, 
if for no other reason than to admit of blowing outa portion 
before raising steam in the morning. All the gauge-cocks 
should be tried and the water column should be blown out 
to insure their being free and clear. 


45. Banking Fires.—The fires may be banked at such 
a time that there will be about enough steam to finish the 
day’s run, thus shutting down under a reduced pressure with 
only a remote possibility of it rising again through the 
night. If the fires are properly banked and the steam 
worked off while the feed is on, the possibility of the pres- 
sure rising during the night to a dangerous extent will cease 
to exist. 

To bank the fires, they should be shoved to the back of 
the grate and well covered with green fuel, leaving the 
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or 


front part of the grate bare, thus preventing any possibility 
of the banked fire burning up through the night. 


44, Valves to be Closed.—The steam stop-valve, feed 
stop-valve, whistle valve, and other steam valves should 
be closed; the valves at the top and bottom of the gauge 
glass also should be shut off to prevent loss of water, ete. 
in case the glass should break through the night. 


45, Final Survey. careful attendant will take a walk 
around the entire plant and see that all the valves and cocks 
and other attachments of the boiler are all right before leav- 
ing it. Even though the feed check-valves be in good con- 
dition, it is still desirable to close the feed stop-valves as a 
matter of precaution. 


46, Manipulation of Damper.—If there is a damper 
regulator, it should be so arranged that the damper may be 
left closed, but not quite tight, because a small opening must 
be left to permit the collecting gases from the banked fire to 
escape up the chimney, otherwise there is danger of the 
accumulated gas i apie and causing an explosion sufficient 
in force to at least wreck the boiler setting. It is very 
important that this aaa be taken and a certain mark 
be made by which the distance the damper is open can be 
seen at a glance. In fact, a damper should be so made that 
when shut to the full extent of its travel, there will be still 
sufficient space around it to allow the gas to escape. The 
damper regulator should be rendered inoperative in any 
manner permitted by its design. 


4%. Modifications of Directions.—In the foregoing 
instructions with regard to shutting down for the night it 
has been assumed that no person is in the plant during the 
night, except possibly a watchman, who may not understand 
anything at all about a boiler. Should a plant be left in 
charge of a watchman capable of acting as a night fireman, 
the foregoing directions may be modified accordingly. For 
instance, in such a case it would be preferable to leave the 
gauge-glass valves open, so that the water may be seen at 
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any time. Should the glass break, no serious quantity of 


water will be lost, because a new one can be placed in by the 
man in charge. 


STARTING IN THE MORNING. 


48, Starting Up the Fires.—When entering the boiler 
room in the morning, the first thing to give attention is the 
quantity of water in the boiler. The gauge glass and the 
gauge-cocks should be tried and the water level noted. 
After it has been found that the water is not too low, 
the banked fires may be pulled down and spread over 
the grates and allowed to come up slowly, the damper 
regulator, if one is fitted, in the meantime having been 
connected. 


49, “Blowing Down.—While the fires are burning and 
before the pressure begins to rise, the blow-off cocks (or 
valves) should be opened and the boiler blown down some; 
that is, a small quantity of the water should be blown out, 
say 3 or 4 inches, as shown in the glass gauge. This should 
be done every morning, so that any impurities in mechanical 
suspension in the water that settled during the night may be 
blown out. Great care should be exercised while blowing 
down that too much water is not blown out. Under no cir- 
cumstances must the attendant leave the blow-off while it is 
open. Disaster to the boiler is hable to follow a disregard 
of this injunction. Next, all the valves, except the stop- 
valve, which were shut the night before should be opened 
and tried to see that they are free and in good working 
order. 


50. Turning on the Steam.—<After the feeding appa- 
ratus has been tried and found all right and everything is 
ready for a start, the stop-valve may be opened for the day’s 
run. It should be remembered that all steam valves about 
the boiler should be opened s/ow/y, and it is desirable 
that they be closed slowly also, especially the large main 
valves. 
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INSTRUCTIONS FOR BOILER ATTENDANTS. 

51. The following instructions issued by the Hartford 
Steam Boiler Inspection and Insurance Company will serve 
to guide the fireman or attendant in the management of 
boilers, said instructions being general in character: 


1. Siring.—Keep the fire of uniform thickness and allow 
no air holes in the bed of fuel. Fire evenly and regularly, 
and not too much at atime. Keep the fire free from ashes 
and clinkers and as clean at the corners and edges as at the 
center. Keep the ash-pit clear. Do not clean the fires 
oftener than necessary. 


2. Water Level.—The first duty of the fireman on going 
to work should be to examine the water level. The gauge- 
cocks should be tried; the gauge glass is not always reliable. 
In a battery of boilers, the gauge-cock on each boiler should 
be tried. Some serious explosions have resulted from the 
fact that the fireman only consulted the water level in the 
first boiler and took it for granted that the level in the other 
boilers was the same. 


3. Low Water.—If the water is discovered to be low, 
quickly cover the fire with ashes, or, if they are not con- 
venient, with fresh coal. Do not turn on the feed and do 
not tamper with the safety valve or any other steam outlet. 
The fire may be drawn as soon as it can be done without 
increasing the heat. 

4. Foaming or Priming.—In case of foaming, close the 
throttle valve of the engine or the stop-valve of the supply 
pipe, and keep it closed long enough to show the true water 
level. The foaming can be generally stopped by blowing off 
and feeding fresh water. In case of violent foaming, due to 
dirty water, check the draft and cover the fire with fresh coal. 


5. Leaks.—When leaks are discovered, they should be 
repaired at once. 


6. Blowing Off.—When blowing off, the steam pressure 
should not be over 20 pounds. The boiler should be emptied 
at least every 2 weeks and filledupafresh. Once every week 
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would be better. Ifthe water is muddy, blow out 6 or 8 inches 
every day. <A surface blow-out should be opened for a short 
time at frequent intervals. Examine the blow-out cock and 
the check-valve every time the boiler is filled; a leakage 
from either may lead to serious results. 


”. Filling Up.—Allow the boiler to become cold before 
pumping in cold water; the practice of filling a hot boiler 
with cold water causes leaks and fractures and sometimes 
explosions. 

8. Safety Valves.—Raise the safety valves from their 
seats cautiously and frequently. Do not allow the valve to 
be overloaded. 

9. Pressure Gauge.—The pressure gauge should stand at 
( when the steam pressure is off, and it should indicate the 
blowing-off pressure when the safety valve is in action. If 
the gauge does not do this, it should be compared with the 
standard gauge, and if wrong, corrected. 


; 

10. Gauge-cocks and gauge glasses should be kept clean 
and should be in constant use. The water gauge should be 
blown out frequently and the glasses and passages to gauges 
kept clean. An obstructed gauge sometimes shows a false 
water level. The Manchester Boiler Association attributes 
more accidents to this cause than all others combined. 


11. feed-Pumps and [njector.—Both pump and injector 
should be of ample size, and whichever is used should be 
made to work as uniformly and continuously as possible. It 
is better to have two independent means of feeding the boiler. 
Check-valves should be frequently examined. 


12. Removal of Sediment and Incrustation.—Scale and 
sediment should be frequently removed. In tubular boilers 
particularly, the handhole or manhole should be frequently 
opened and the sediment removed from the portion of the 
plate over the furnace. Care should be taken to keep the 
boiler as free as possible from incrustation., 


13. Cleaning.—All heating surfaces should be kept free 
from soot and dirt. Tubes should be cleaned often. 
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14. Exterior of Botler.—Care should be taken that no 
water comes in contact with the exterior of the boiler, either 
from leaky joints or other sources. Avoid dampness in the 
setting or in the covering of the boiler. Dampness leads to 
external corrosion. 

15. Llisters and Cracks.—A blister should be examined 
at once and trimmed or patched. If a plate is badly cracked, 
it must be renewed. 

16. fusible Pligs.—Fusible plugs should be examined 
when the boiler is cleaned and scraped clean on both sides; 
otherwise they are liable to prove worthless. 

a Ace Dears. 
ber, and smoke flue aretight. The admission of air through 
the brickwork of the setting is sometimes the source of 


See that the furnace, combustion cham- 


considerable loss. 
18. Galvanic Action. 
where brass or copper and iron come in contact in the pres- 


Examine the parts of the boiler 


ence of water. Galvanic action may produce corrosion 
under such circumstances; if such be the case, the corrosion 
may be prevented by placing pieces of zinc in the boiler. 

19. Rapid Firing.—Steam should be raised slowly in 
boilers with thick seams or seams exposed to the fire. 
Otherwise overheating may occur. 

20. Cleanliness.—The boiler room, boiler, and mountings 
should be kept clean and in good order. 

21. Unused boilers may be kept in good condition by fill- 
ing them full of water in which a quantity of common wash- 
ing soda has been placed. Another method is to empty the 
boiler, dry it thoroughly, place trays of quicklime in the 
bottom, and seal as nearly air-tight as possible. The latter 
method is often used for marine boilers. 


52. All these instructions are excellent; the only item 
that anyrexception cam be taken to is item 6: It is much 
better to allow the boiler to cool down entirely than to blow 
down under steam pressure, in order to prevent the heat 
from baking hard any sediment contained in the boiler. 


rw) 
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WEAR AND TEAR. 


CORROSION. 


INTERNAL CORROSION. 

53. Corrosion may be defined as the eating away or 
wasting of the plates due to the chemical action of impure 
water. It is probably the most destructive of the various 
forces that tend to shorten the life of the boiler. Corrosion 
is of two forms—zzternal and external, Internal corro- 
sion may present itself as: (1) wnzform corrosion, (2) pitting 
or honeycombing, (3) grooving. 


54. In cases of uniform corrosion, large areas of plate 
are attacked and eaten away. There is no sharp line of divi- 
sion between the corroded part and the sound plate, and 
oftentimes the only way of detecting the corrosion is to drill 
a hole through the suspected plate and thus ascertain its 
thickness. Corrosion often violently attacks the staybolts 
and rivet heads. 


55, Pitting or honeycombing are readily perceived. 
The plates are in 
spotsindented with 
holes and cavities 
from 5 to + inch 
deep. Theappear- 
ance of a pitted 


plate is shown in 
Pig. 4d. Upper tie 
first appearance of 
pitting, the sur- 
facé so aftected 
should be — thor- 
oughly — cleaned 


and a good coating 


of thick paint made 
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of red lead and boiled linseed oil be applied. This treatment 
should be given from time to time to insure protection to 
the metal. 


56. Grooving is generally caused by the buckling action 
of the plates when under pressure. Thus, the ordinary lap 
joint of a boiler distorts the shell 
slightly from a truly cylindrical form, 
and the steam pressure tends to bend 
the plates at the joint. This bending 
action is liable tc start a small crack 
along the lap, which, being acted on ny 
corrosive agents in the water, soon 
deepens into a groove, as shown in 
Fig.2. The mark made along the seam 
by a sharp calking tool, when used by 
careless workmen, is almost certain to 
lead to grooving. 


5%. To prevent corrosion, the feed- 
water should be as free as_ possible 


FIG. 2. 


from corrosive impurities. When bad 

water must be used, the corrosive impurities must be 
neutralized by adding alkaline substances, such as caustic 
soda or soda ash. 


58. Zinc is used to prevent corrosion in marine boilers. 
It is believed that corrosion is due in some measure to gal- 
vanic action between the non-homogeneous portions of the 
iron or steel plates. By placing the plates in connection 
with slabs of zinc, a galvanic action is set up between the 
iron and the zinc, which destroys the latter and leaves 
the former untouched. In the British Navy zinc slabs 
12 inches by 6 inches and 4 inch thick are attached to 
the boiler stays, there being one slab to every 20 horse- 
power. These are eaten up and renewed about every 
60 to 90 days. The zinc is reported to perform its duty 
very effectively. 
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EXTERNAL CORROSION. 


59. External Corrosion of Fire-Tube Boilers.— 
External corrosion frequently attacks stationary boilers, 
particularly those set in brickwork. The causes of external 
corrosion are dampness, exposure to weather, leakage from 
joints, moisture arising from the waste pipes or blow-off, 
etc. When leakage occurs in a joint that is hidden by the 
brickwork setting, the plates may be corroded very seriously 
without being discovered. 


60. External corrosion should be prevented by keep- 
ing the boiler shell free from moisture and by repair- 
ing all leaks as soon as they appear. Joints and seams 
should be in a position where they may be inspected for 
leaks. 


G1. - Leakage at the seams may be caused by delivering 
the cold feedwater on to the hot plates; another cause is the 
practice of emptying the boiler when hot and then filling it 
with cold water. The leakage in both cases may be traced 
to the sudden contraction of the plates due to the sudden 
cooling. In any case abrupt changes in the temperature 
of the shell should be avoided. The rush of cold air 
into the furnace of an externally fired boiler when the 
door is opened is a fruitful source of leakage and frac- 
ture. For this reason the shell should be constructed, 
if possible, so that none of the seams are in contact with 
the firs, 


62. External Corrosion of Water-Tube Boilers.—In 
‘horizontal water-tube boilers of the inclined-tube type, 
external corrosion principally attacks the ends of the tubes 
close up to the headers into which they are expanded, 


especially at the back ends. This is caused by the 
combined action of leakage and the gases of combus- 
tion, which rapidly destroys the tube. This corrosion 


usually extends to from 4 to 8 inches from the header, 
and small pin-point holes appear shortly, manifesting 
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themselves by threadlike streams of water while under 
pressure. 


63. In the course of time the tubes will leak around the 
expanded portion in the headers, and unless the leak is a 
large one its presence may not be even suspected. In such 
type of boilers a small leak around the tubes is hard to 
locate, unless it is ina tube near the top or bottom rows. 
Hence, such leaks continue for a considerable time, partly 
obscured by the accumulation of soot, until the tube becomes 
eaten away as described before. 


64, When upon examination it is found that a leak exists 
somewhere in a tube near the center row, but which cannot 
be exactly located, it would be advisable to expand a// the 
tubes in that immediate section so as to make sure of embra- 
cing the right one. This of course means more labor, but 
when in doubt as to the exact one, it will pay to do as has 
been suggested. 


65. If leaks are prevented or attended to immediately, 
no corrosion will take place, as the gases of combustion are 
harmless, unless acting in conjunction with water or damp- 
ness, or unless the coal is rich insulphur. Should, however, 
the ends of several tubes be found badly corroded but not 
yet leaking from that cause, or even if leaking as described, 
the tube may be saved by introducing a split sleeve or ferrule 
made as shown in Fig. 3, which also shows its method of 
application. The sleeve may be 


made of a piece of old boiler tube 


and may be given a length of 
from 12 tor? diameters. The 


FIG. 3. 


piece is split lengthwise in two 
pieces, and these are bent slightly to conform to the inside of 
the leaky tube. The piece should be split at an inclination 
of about 2inch per foot and the edges be filed. After 
smearing the inside of the leaky tube with red-lead putty, 
the one half of the sleeve is put in flush with the tube end; 
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the other half is now placed on top, as shown in Fig. 3, 
and then driven home flush with the tube. By reason 
of the edges being in a plane inclined to the axis, the 
two halves of the sleeve are firmly pressed against the 
inside of the leaky tube when the second half is driven 
home, 


66. The sleeves require to be neatly fitted; in that con- 
dition they have been used with good success, effectually 
stopping a leak, saving the necessity of withdrawing the 
tube, and also saving the expense of a new one. Obviously 
they can also be used for fire-tube boilers to stop local leaks. 


OVERHEATING. 


6%. Overheating may be caused by low water or by 
incrustation. When the plate is covered by a heavy scale, 
the heat is not carried away by the water fast enough to 
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prevent a rise of temperature, the plate becomes red hot and 
soft, and yields to the steam pressure, forming a pocket A, 
as shown in Fig. 4. 

68. If the pocket is not discovered and repaired, it 
stretches until finally the material becomes too thin to with- 
stand the steam pressure; the pocket bursts and an explo- 
sion follows. The vegetable or animal oils carried into the 


boiler from a surface condenser are particularly liable to 
cause the formation of pockets. 
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MAINTENANCE OF BOILERS. 
OVERHAULING. 


TEMPORARY OVERHAULING. 

69. Time of Service.—When a boiler has been in con- 
tinuous service for from 4 to 8 weeks, according to circum- 
stances, it should be cut out of service, thoroughly cleaned 
both internally and externally, and any necessary repairs 
made. 


70. The period of time that a boiler may be continued 
in service depends on several things, such as whether the 
boiler in question is the only one in the plant, the nature of 
water used, whether or not the plant shuts down Sundays 
and holidays, and the general local conditions governing the 
plant. 


$1. Overhauling on Sunday.—In case there is only 
one boiler, which is in operation practically all the year, 
with the exception of Sundays, when it generally rests 
under banked fires, the cleaning will have to be done at that 
time. The fires should be drawn out Saturday night and 
the boiler be allowed to cool down until Sunday morning, 
when it should be emptied and the manhole plates and hand- 
hole plates taken out; it should then be thoroughly washed 
out by using a hose. In regard to emptying the boiler when 
not under steam pressure, it may be remarked that the steam 
space of the boiler must be put in communication with the 
atmosphere by opening the safety valve, since otherwise the 
water cannot run out of the boiler. Deposits of mud or 
other loose substances should be withdrawn with a hoe in 
preference to washing it out through the blow-off valve, 
which latter practice is liable to choke the valve and pipe. 
In the water-tube type of boiler, the mud collects in the 
mud drum; the mud-drum doors should be removed and the 
deposit withdrawn through them. 
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72. Cleaning and repairing boilers during Sunday is at 
the best not entirely satisfactory, the time being too short. 
It will do for a while, but there must come a time when such 
boiler will have to be shut down for a week or so, in order 
that it can be properly cleaned and repaired. When the time 
is limited to Sundays only, the attendant should make his 
plans so that the greatest amount of work can be done in 
that time. 


THOROUGH OVERHAULING. 


%3. Introduction.—In plants where there are more than 
one boiler and where it is possible to cut one out of service 
for a long time, the following method of procedure has been 
found effective and thorough in its results. The same 
method of procedure, modified to suit conditions, also applies 
to boilers out of service but one day a week. 


G4. Cooling Off.—After the boiler in question has been 
cut out of service by closing the stop-valve, thus severing 
its connection with other boilers and the main steam pipe 
that they supply, and closing the other necessary valves, it 
is allowed to stand just as left; the spent fires are allowed 
to die out gradually, the damper being shut, and the water 
in the boiler to cool off naturally. The boiler should stand 


thus for at least 24 hours before an attempt is made to com- 
mence cleaning operations and repairs. 


73. Grates and Ash-Pits.—The first thing to do when 
the boiler has cooled sufficiently is to pull the ashes from off 
the grates and out from the ash-pits. The grate bars should 
be examined and any that may be defective in any respect 
should be removed, replacing them with new bars. It 
should be noted if the bearing bars—those that support the 


entire grate—are secure and in good condition. 


76, Furnace Brickwork.—The furnace brickwork— 
that is, the bridge wall and linings—should next be exam- 
ined. Where bricks have been knocked out or where walls 
bulge or are cracked, the extent of such wear and tear 
should be noted, and when the combustion chamber and 
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the back connections are cleaned out, repairs should be com- 
menced on the brickwork. 


4%. Unless the repairs to the furnace brickwork are exten- 
sive, the attendant can make them himself; otherwise a 
regular mason who 1; accustomed to such work should be 
called in. In replacing a brick or a number of bricks, care 
is to be taken that no projecting edges or corners are left, 
but that each brick is placed flush. The bricks that come 
in actual contact with the fire or the heated gases of com- 
bustion must be ‘‘firebrick”’; for the cement that holds 
them together, “‘freclay’’ is to be vised. ‘The common 
brick and mortar of which the outer walls and settings of 
boilers are constructed will not answer for the lining, as 
they are unable to withstand the heat. 


\ 


78. When rebuilding or repairing a wall or furnace 
lining in which firebricks are used, fireclay is mixed with 
sufficient water to make a thin paste, and just enough of it 
is ‘placed between the bricks to make a joint, the object 
being to get the bricks as close together as possible. 


79. The foregoing instructions apply to both fire-tube 
and water-tube boilers; a difference exists, however, between 
the method of cleaning the tubes of each type. 


80. Cleaning External Surfaces of Water Tubes.— 
In the water-tube type the external surfaces of the tubes 
are cleaned by using a F 
steam hose to blow off the 
soot that lies on the upper 
surfaces. When the soot 
is rather sticky, the steam 
hose is not as effective as 
is desired, hence a tool 
made as shown in Fig. 5 
has been devised, by which 
each and every tube can 
be thoroughly cleaned off FIG. 5. 
from the top to the bottom row. This tool is simply a piece 
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of 41-inch square iron bent as shown, and in use is passed 
down between the vertical rows of tubes and then turned 
so that it lies upon the tube to be cleaned. By running this 
tool back and forth a few times over each tube the dirt can 
be effectually scraped off. 


81. Cleaning Internal Surfaces of Fire Tubes.— 
A steam hose may also be used in the tubes of a fire-tube 
boiler, blowing the soot through and back into the combus- 
tion chamber, from which it can be removed through the 
door provided for the purpose. Scrapers and wire brushes 
are also used on this type of boiler for cleaning the internal 
surfaces of the tubes. These scrapers and wire brushes are 
usually affixed to a pipe of small size, which is made up of 
parts coupled together to meet the requirements of space 
and ease of handling, etc. 


o 


2. Keeping Ready for Emergencies. 


After having 
cleaned all the external portions of the boiler and made the 
necessary repairs of brickwork or grates, a new fire may be 
laid, ready for lighting. ‘The idea of thus early laying a 
new fire is to be in readiness in case the boiler should be 
suddenly required, as in the event of one of the others in 
operation giving out. It is a good plan, as far as possible, 
to so arrange and divide the work of cleaning and repairs 
that not too much is under way at one time. This is par- 
ticularly applicable to the water-tube boiler, with its many 
plates and adjuncts, where, if all or the greater part were 
off at one time, there would be considerable delay if the 
boiler should be hurriedly required. It is for the same 
reason that all the while the furnaces and back connections, 
etc. are being cleaned, the water may be allowed to remain 
in the boiler, thus saving the time required to refill and heat 
up to the existing temperature, if the boiler is suddenly 
required. Of course, there may be other considerations of 
a local or special character that would neutralize or perhaps 
at least modify the advice just given. 


85. Emptying the Boiler.—The furnace and setting 
having been cleaned and repaired, the boiler should next be 
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emptied by running the water out through the blow-off. 
The manhole plates and handhole plates should be taken 
off and the internal surfaces should be examined with refer- 
ence to scale and mud. 


84. The hose may now be introduced and the boiler 
thoroughly washed out. If there is much scale and dirt on 
the surfaces, the boiler should be entered and an attempt 
made to scrape or otherwise clean those surfaces. At the 
same time it is advisable to look for broken or loose stays 
and braces. In some instances special tools have to be 
made with which the parts may be more readily reached. 
If the scale is not more than 4!, inch thick, it is wise not to 
make an attempt to remove it, but to let it remain on 
because it is a real benefit by protecting the surface of the 
metal from corrosion and pitting. 


85. Protective Paints.—A method of preventing inter- 
nal corrosion and pitting where there is no scale, and to 
prevent further extension of such if already commenced, is 
to apply a good coating of paint made of red lead and 
boiled linseed oil. This paint should be mixed as thick as 
can be readily applied with a brush to the surfaces. The 
metal should first be cleaned thoroughly, so that there is no 
foreign matter between the paint and metal surface to 
which it is applied. 


86. After the paint has been applied it should be 
allowed to dry hard before filling the boiler with water. 
This will not take long if the paint is thick, as suggested. 
It should be understood that vaw linseed oil must not be 
used for making the paint. Painting of the internal sur- 
faces of boilers with red lead and boiled oil has been done 
by many engineers and is successful in a high degree. The 
paint should be applied frequently, according to the neces- 
sity for its use. 

8%. Another method for the prevention of corrosion and 
the protection of the interval surfaces is to apply a coating 
of graphite (plumbago or black lead) mixed in boiled oil and 
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as stiff as can be applied with a brush. This method also 
has given good results. There is nothing in any of the 
materials referred to that can injure the metal, and they 
can be applied to any type of boiler, excepting a few inac- 


cessible parts of some. 


88. Washing Out Water-Tube Boilers.—Water-tube 
boilers are not as easily washed out with a hose as are 
boilers of the fire-tube type. The mere fact that the drums 
can be washed out and that a large quantity of water can 
be introduced, which finds its way to the bottom and finally 
out through the blow-off, does not insure that all the 
tubes are flooded; and even if the water should reach them 
all, it would not have sufficient force to remove all the mud 
and loose particles of scale. 


89. When in any particular case the time for cleaning 
water-tube boilers is limited to one or two days, the best that 
can be done is to remove the manhole plates and flood the 
interior of the steam drums with water that is entering with 
some force, either from pressure in the mains from which 
the supply is drawn or from a pump that receives its supply 
from a well or some other source. In order that the effect 
may be as far reaching as possible, it will be necessary to 
continue the flood for a considerable time—say about 1 hour. 


90. The only thorough way of washing a water-tube 
boiler is to introduce the hose nozzle in each and every 
tube, and, commencing at the top, to wash out the contents, 
which fall into the mud drum. This method consumes con- 
siderable time, but it pays to do so, provided the time can 
be spared. Every water-tube boiler should be so treated 
at least once every 12 months, with the ordinary washing 
out every month or 6 weeks between. 


91. Examining the Attachments.—After the boiler 
has been washed out, the different attachments should next 
be examined and overhauled and any repairs necessary 
should be made. All the valves should be opened and closed 
to test the practicability of so doing if called on suddenly 
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while the boiler is under steam. The packing should be 
renewed in the stuffingboxes of the valve stems whenever 
that which is in becomes so hard that the gland cannot 
be screwed up and the stems leak. (If any of the valves 
leak, repair them, if possible; otherwise place in new ones. 
When plug cocks are used, they should be removed from the 
shell and cleaned and then rubbed in with oil. turning 
them completely around several times, so that they be kept 
true and the contact surfaces smooth. This should be done 
even if the cocks do not leak, for the reasons given. Leaky 
cocks must be ground in with ground glass and oil; if a 
cock leaks badly, it is best to have both the plug and the 
shell trued in a lathe. In case a repair is not feasible, a 
new cock should replace the old one. In no case permit a 
leak to exist when a little time and care will remove such 
an OCeuibnence: 


92. While safety valves do not frequently get out of 
order (especially those of standard make, because of the 
excellence of the workmanship thereon), it is desirable to 
examine them periodically to see that all the parts are intact 
and not injured to any extent. The proper time to thor- 
oughly overhaul the safety valves, that is, to disconnect 
and take everything apart, is just before the annual inspec- 
tion, so that the adjustments may be made by the govern- 
ment inspector or insurance inspector, as required by law or 
insurance companies. The foregoing refers to places in 
which license laws are in operation or where the boiler is 
insured by one of the insurance companies. In places where 
there is no license law or insurance, the engineer in charge 
can overhaul the valves when he sees fit and set them to 
meet the requirements, with due regard to safety. 


93. Next in importance to the safety valve is the main 
stop-valve. This valve should be kept in perfect condition, 
so that it can be depended on to open and close easily. The 
packing around the stem should never be allowed to remain so 
long that it becomes hard, because the steam will then leak 
out, and in the vain attempt to prevent it by tightening the 
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gland, the stem is liable to be hugged so tight that it can- 
not be turned and then may be twisted off in the attempt 


to move it. 


94. When overhauling the stop-valve (or any other valve, 
in fact), nuts, bolts, and all screwed parts should be placed 
together with a coating of graphite and cylinder oil on the 
screw threads, so that they may be taken apart again at 
some future time without danger of sticking, and, in the 
case of the bolts, of twisting off. Graphite is particularly 
mentioned because of its lubricating qualities, whether wet 
or dry. It should be mixed with oil because it can more 
readily be applied to the parts in that form. 


95, No wrench should ever be used to close any of the 
valves on the boiler. The wheel on the stem is designed to 
furnish all leverage that the valve should be closed with. 
If more than that is applied something will be strained, with 
perhaps disastrous results. Such treatment has been known 
not only to bend stems, break disks, strain the threads, but 
also to actually crack the valve body itself. When a valve 
cannot be made tight—steam- or pressure-tight—by closing 
it with the wheel, it is time that an examination be made 
and the cause removed. 


96. If the gauge glass is very dirty, it should be 
removed and a new one put in. The new glass should be 
packed with new washers, so that each will adjust itself to 
the other gradually and thereby relieve the glass of the 
stress it would otherwise suffer, especially where the fittings 
are not exactly in line with one another. A few glasses of 
the required size and length should be kept on hand con- 
stantly, because that on the boiler is liable to break at any 
time; after closing the valves a new glass can be inserted in 
a few moments. For closing the valves, a rod 8 or 10 feet 
long, with a forked end that can be placed between the 
spokes of the wheels, will be found handy and prevent the 
scalding of the attendant. 
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9%. When inserting a new glass, it is sufficient to screw 
the gland down with the fingers only, and when the whole 
attachment is heated to the usual temperature, the packing 
can again be tightened if necessary. The glands at the top 
and bottom ends of the glass should be tightened alternately, 
so that the stress be equally divided. 


98. Having overhauled all the larger valves and attach- 
ments, the smaller ones should be similarly treated. The 
feed check- and stop-valves, particularly, should be placed 
in good order and care should be taken that a// the pipes are 
free and clear. If there are no further repairs to be made 
in addition to the general overhauling, the boiler may be 
gotten ready for starting. 


BOILER REPAIRS. 


DIFFERENCE BETWEEN OVERHAULING AND REPAIRS. 


99. It frequently happens that in connection with the 
general overhauling, repairs also have to be made. Over- 
hauling and repairs are not synonymous terms, although 
both come under the head of maintenance, and in cost 
accounts connected with a steam plant the distinction should 
be observed. Repairs generally necessitate the renewal of 
certain parts that have to be purchased; overhauling con- 
sumes only the time occupied in so doing. 


REPAIRS OF WATER-TUBE BOILERS. 


100. Leaky Tubes.—The parts of a horizontal water- 
tube boiler that require the most frequent repairs are the 
tubes. These will occasionally leak at the front end and back 
end around the part that isexpanded into the headers. Some- 
times (particularly at the back ends), owing to small unsus- 
spected leaks around the expanded portion, the external sur- 
face of the tube for 3 or 4 inches from the header becomes 
corroded to such an extent that small pinholes soon appear 
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and leak a small stream of water, which is readily traced to 
its source. Again, those portions of the tubes that are 
directly over the fire give out, small holes appearing, which, 
in this case, are due ‘to pitting on the internal surfaces. 
Sometimes a tube will give out at the weld, owing to imper- 
fections in the workmanship. This is the most dangerous 
happening that water-tube boilers are liable to, because of 
the danger of the tube opening up for quite some distance 
along the weld when once started. Fortunately, this sel- 
dom happens when compared with the number of tubes that 
are in use, 


101. When a leak appears around the expanded portion 
of a tube, it should be stopped at once by applying a roller 
tube expander. If sucha leak is allowed to continue in an 
upper tube, it will not only ruin the tube in question, but 
several others beneath it, because of the corroding action of 
the constantly dripping water and the gases of combustion. 


102. It is difficult to exactly locate a leaky tube in most 
horizontal water-tube boilers, unless it happens to be in the 
top or bottom rows, which can be easily reached. Espe- 
cially is this true where there is more than one tube leaking, 
the water descending and wetting a number of tubes in its 
path. In such a case, where doubt exists as to which tube 
or tubes are leaking, it is better to expand a@// that are in 
the vicinity of a leak. This action will in the long run 
save time, and when the expander is handled intelligently no 
harm whatever is done to those tubes that actually did not 
leak. 


103. When expanding an old tube, care should be taken 
not to expand too much, especially if the tube is thin, for 
the action of the expander will make it still thinner; hence, 
no more than just enough should be given. When the roll- 
ers in the expander make a clear and well-defined track in 
the tube, showing thereby that it is forced equally and 
evenly against the header, then it is time to discontinue 
and commence on another. The expander should be oiled 
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while using; even water has been used for the purpose of 
lubrication with good results. 


104, Tubes that are badly corroded, extremely thin at 
the expanded ends, or that give out in the portion over the 
fire should be condemned and withdrawn from the boiler. 
When it becomes necessary to cut out a tube, care must be 
taken not to injure the header in which the tube is expanded. 
The toolused and the manner of using it is shown in Fig. 6, 
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(a) 


FIG. 6. 


in which illustration the cutting tool, known as a ripper, is 
shown at (a). Fig. 6 (4) shows how it is applied and Fig. 6 
(c) shows an end view after the tube has been cut. By 
means of the ripper a slit about 4 inch wide and extending 
about 1 inch beyond the inside of the sheet is cut; the end 
of the tube can then readily be squeezed together so that the 
tube will pass through the hole. With reasonable care there 
is little danger of cutting into the tube-sheet. 

105, Circulating tubes in the water-tube boilers are 
treated in a similar manner to the tubes when repairs or 
renewals are necessary. 

106. Leaky Piping.—Leaky, corroded, and thin pipes, 
no matter for what purpose they are used about the boiler, 
should be replaced with new ones at once. 


107. Repairs of Drums.—Owing to the location of the 
steam drums and mud drums in relation to the fire, they 
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seldom require repairs, especially if the boiler had been well 
built at first. However, should any of the plates, seams, or 
units give out, the method of repairing will be the same in 
general as that described in repairs to fire-tube boilers. 


REPAIR OF FIRE-TUBE BOILERS. 
108. Leaky Tubes.—There is no difficulty in locating 
a leaking tube in the fire-tube type of boiler; if a tube leaks 
at either end, it is readily seen, because the ends are exposed 
to view. Even should a leak occur at some place remote 
from either tube-sheet, the tube in question can easily be 
found and the usual remedy applied. 


109. If it be desired to save a tube whose ends are leak- 
ANG sbhcdie 1s 


ing—a leak that the expander does not repair 


otherwise in good condition, sleeves or ferrules may be 
inserted, as described in Art. 65, 

110. If the tube is too far gone, it should be cut out 
and a new tube put in. Sometimes a tube gives out in such 
a manner and at such atime that neither repairs nor renewal 
can be accomplished as before described; then a tube stop- 
per may be used until opportunity offers to put ina new 
tube. This will prevent the water from leaking out, but at 
the expense of entirely losing the amount of heating surface 
of the tube. Incase of such emergency, it is of more impor- 
tance to plug the tube than to consider the temporary loss of 
heating surface. Occasions may arise where it may be neccs- 
sary to place stoppers in two, or perhaps more, tubes. 


111. Tube Stoppers.—A home-made tube stopper is 
shown in Fig. 7%. It consists of two tapering pine plugs 


Rie. 7%, 


having a central hole through which a rod made of 
t-inch round iron is passed. This rod is provided with 
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nuts and washers at each end, by means of which the plugs 
can be drawn home. This tube stopper is quite effectual as 
far as stopping the leak is concerned, but is open to the 
objection that a man must enter the back connection in 
order to place the plug in the rear end in position and in 
order to put the nut and washer on the rod. 


112. The objectionable feature of the tube stopper 
shown in Fig. 7 is overcome by the design shown in Fig. 8, 
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which has long been used in marine work. Cast-iron wash- 
ers A and # having a rubber ring f about ¢ inch thick 
between them are placed on each end of a tie-bolt C having 
nuts and washers on each end; a sleeve ) made of gas pipe 
is placed between the two pairs of washers. The distance L 
is made about 1 inch less than the length of the tube. To 
stop a leaky tube, the stopper is inserted from the front and 
the nut & is tightened, while the tie-bolt is prevented from 
turning by a wrench put on the square end /. Tightening 
the nut / draws the washers 4 and / together, compressing 
the rubber rings, and thus forcing them against the inside of 
the leaky tube. This kind of a tube stopper can readily be 
applied without stopping the operation of the boiler. 


113. Leaky Seams and Rivets.—Leakage is not con- 
fined to the tubes only in the fire-tube type of boiler, but 
may and frequently does occur at the seams and around the 
rivets, especially those that are in contact with, or in close 
proximity to, the fire. Aleak may occur at such places and 
not be seen while the boiler is steaming, because of the 


fs 


rapid evaporation of the leaking water by the fire, unless the 
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leak be so large as to resist immediate evaporation. After 
the boiler has been cut out of service and the fire drawn out, 
the presence of such a leak will be revealed by the presence 
of some deposit on the metal where the leak is. Even should 
there be no deposit whatever, there certainly will be some 
distinguishing mark by which the presence of a leak is indi- 
cated. The fact that no such mark, or deposit, can be found 
near a seam is pretty clear evidence that the seam is tight. 


114. A leaky seam is made tight by calking; that is, 
the seam is closed by driving a round-nosed calking tool 
against it. It should be remembered that repeated hght 
blows of the hammer on the tool are more effectual than 
heavy blows; in fact, heavy blows are liable to cause the 
seam to leak worse than at first. 


115. Calking also stops leakage around rivet heads, pro- 
vided the rivet has been properly driven at first. If a rivet 
has been forced into a mismatched hole and then starts to 
leak, calking will seldom make it tight; the only real remedy 
is to cut the rivet out, clean out the hole, and drive in a new 
rivet of the next larger size. This will, of course, slightly 
weaken the plates, but not to such an extent as to preclude 
this plan of action, which certainly will leave the joint in 
better condition in every respect than it was before. 


116. Cracks.—If a crack should appear in any of the 
plates, it may be repaired by drilling a small hole at each end 
of the crack, calking the crack, and putting a patch over it. 
The idea of drilling the holes at the ends is to prevent the 
crack from extending further, as it would otherwise do; if 
the crack should be extensive, the part of the plate contain- 
ing it should be cut out and a patch put on. 


11%. Patching.—There are two kinds of patches used 
on boiler repairs, viz: soft patches and hard patches. A 
soft patch is one that is put on with bolts and nuts or with 
tap bolts; red-lead putty is used between the plates to make 
a water-tight joint under pressure. Soft patches at best 


SP 
ras) 


0) BOILER MANAGEMENT. 39 


are only makeshifts and should not be used at all on plates 


that are subjected to the direct heat of the fire. 


118. Ward patches are secured with rivets and should 
be the only kind of patches used on boiler work. In putting 
hard patches on plates that are directly over the fire, the 
weak or otherwise affected part of the plate should be cut 
out before the patch is placed on. The patch, whether hard 
or soft, should be placed on the inside, that is, the water 
side of the plate. This is done for the same reason that 
manhole and handhole plates are placed on the inside instead 
of on the outside of the boiler. Plates that are badly blis- 
tered or otherwise injured should be cut out and replaced 
with new plates. 


119, Laminations.—Sometimes a lamination in a plate 
is revealed by the action of the fire, causing a bag or blister 
toappear. Laminations are due to slag and other impurities 
in the metal, which in rolling the plates become flattened 
out, as shown at.g, @in Fie, 9. Under the actiom of the 


FIG. 9. 


heat the part exposed to the fire will form a blister, as shown 
in the figure, which may finaily open at the point 6 or c, 
depending on the position of the slag in the plate. The 
laminated portion of the plate may be but very small; in 
that case a hard patch can be put on. Imfthere are a number 
of laminations in the same plate, it is advisable to putin a 
new plate. 


120. Whena lamination or an otherwise affected portion 
of a plate has to be cut out, the form of the piece cut out 
should be as nearly circular as possible. In any case no 
sharp corners should be left, because of the tendency of 
cracks to start at such places. 
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1241. Extensive Repairs.—Extensive repairs to boilers 
should always be made by experienced boilermakers that 
have the necessary equipment for such work. The lesser 
repairs may be done by the engineers themselves, such, for 
example, as expanding tubes, cutting out and putting in 
tubes and sleeves, etc. But where the cutting out of sheets 
or portion of sheets that are to be patched, the driving of 
rivets, and similar work is to be done, it is generally advisable 
that none but a boilermaker should attempt it. 


INSPECTION. 


OCULAR INSPECTION. 

122. Inspection of boilers is one of the most important 
duties of an engineer, because on this depends largely their 
safety and good condition. Owing to the several deterio- 
rating agents that tend to weaken and shorten the life of a 
botler if their effects. are neglected, it is important that 
inspections be held periodically and that notes be made of 
the general condition from time to time. An engineer 
should not depend entirely on the report of a government 
or insurance inspector upon the condition of his boiler, but 
should make inspections himself and actually see the con- 
dition of the boiler, the idea being that very valuable knowl- 
edge can thus be gained. 


123. Every part, both external and internal, should be 
thoroughly examined. Corrosion and its progress should be 
noted and action taken to entirely stop it or at least to limit 
it in extent. Leaks should be looked for and stopped imme- 
diately. The internal surfaces of the plates should be 
examined at the water-line for pitting and at the junction 
of the plates in the seams for grooving. The condition of 
stays and braces and whether they are tight should be 
noted. Should staying be found loose, it must be tight- 
ened by whatever means are available, 
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TWAMMER TEST. 


124. The ocular inspection should be accompanied by 
_ striking the plates, stays, and tubes with a hammer to deter- 
mine their soundness; this is called a hammer test. Sound 
plates and tubes when struck with a hammer emit a clear, 
bell-like ring, while those that are thin or defective give 
forth a dull sound, similar to that of a cracked piece of pot- 
tery. <A broken stay gives a peculiar sound that cannot be 
described by words. 


IYDROSTATIC TEST. 

125. Value of Iydrostatic Test.—The hydrostatic 
test (filling the boiler with water and applying a pressure 
by means of a pump or otherwise) is valuable only in show- 
ing leaks and to determine the ability of the boiler to 
withstand a prescribed pressure. It will not reveal weak 
places unless such places are so weak as not to be able to 
stand the required pressure. But it frequently happens 
that thin places do stand the pressure to an astonishing 
degree, although they are in a dangerous condition, hence 
the hydrostatic test should always be supplemented by an 
ocular inspection and a hammer test. 


126. Objections.—There is an objection against the 
hydrostatic test that there is danger of straining the plates 
beyond the elastic limit and that thereby a boiler may be 
permanently injured which would have been safe at the 
working steam pressure. The insurance companies in most 
cases depend on the hammer test and ocular inspection, but 
use the hydrostatic test for new boilers, old boilers exten- 
sively repaired, and all boilers that cannot be examined 
thoroughly inside and outside. 

12%. Precautions.— When applying the hydrostatic 
test, the escape of air from the boiler while filling with 
water should be provided for, leaving some valve or cock 
open until the water is forced out in a solid stream. The 
valve or other opening used for the escape of air must be 
located as high as possible, so that practically little or no 
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air remains in the boiler when it is closed. This precaution 
is necessary when it is considered that should the boiler 
burst under pressure while still containing air, the parts, by 
reason of the expansion of the air, are liable to fly with 
great force, perhaps injuring some one in their flight. A 
boiler from which all air has escaped and bursting under the 
hydrostatic test will not do any serious damage. 


128. When there are two or more boilers connected by 
piping, the intercommunication being broken only by a 
valve, it will be necessary to place a blank flange between 
the valve and the boiler that is to be tested, thus completely 
isolating the boiler from those in operation. This is done 
as a measure of safety, which the valve alone is not capable 
of insuring. 


-129. In making the hydrostatic test, the pressure must 
be apphed very slowly and carefully and the gauge must be 
watched for any drop of pressure that would denote a yield- 
ing of some part of the boiler. New boilers are tested by 
hydrostatic pressure to reveal leaky joints or rivets. When 
the seams or rivets are not tight, water trickles out in 
drops or spins out in a stream. Such places are marked 
with chalk and afterwards recalked. Boilers are usually 
tested hydrostatically to 1} times the’ pressure they are to 
carry. 


130. Testing by Heating the Water.—A method of 
applying the hydrostatic test that is used by many engineers 
is to fill the boiler full of cold water and build a gentle fire 
in the furnace. As the temperature of the water rises, it 
expands and thus subjects the boiler to pressure. It is 
urged in favor of this method that the pressure is raised 
steadily and the boiler is not as liable to be injured as it is 
when subjected to sudden and jerky rises of pressure due to 
the working of a pump. The temperature of the water 
should in no case be made to rise above 212°, since, if a 
rupture should take place, the pressure of the water would 
lower to that of the atmosphere, and the temperature of 
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the water being above the boiling point at atmospheric 
pressure, a quantity of the water might suddenly become 
steam and cause an explosion. 


131. The inspection of steam boilers should begin at the 
place where the plates are manufactured and continue as 
long as the boiler is in use. 


BOILER EXPLOSIONS. 


CAUSE. 

132. <A boiler explosion can be caused only by over- 
pressure of steam. Either the boiler is not strong enough 
to carry its ordinary working pressure or else for some 
reason the pressure has been allowed to rise above the usual 
point. 


133. In the first case, the boiler may be too weak for the 
working pressure, because: (1) It is poorly designed. (2) 
The material or the workmanship may be poor. (3) The 
boiler may have become weakened by corrosion. (4) The 
boiler may have been weakened by careless or reckless 
management, such as letting cold water come in contact 
with hot plates, or blowing the boiler off hot and then quickly 
filling it with cold water. 

134. When the pressure rises above the usual point 
that the safety valve is supposed to be set for, the fault is 
probably due to the sticking or overweighting of the safety 
valve. Some very disastrous explosions have been caused 
by closing a stop-valve between the safety valve and boiler 
while cleaning the latter and then forgetting to open the 
stop-valve. It cannot be too strongly urged that a stop-valve 
should never be placed between the safety valve and boiler. 


135. Low water may cause explosions in internally fired 
boilers, but will rarely cause externally fired boilers to 
explode, although low water is often assigned as the cause. 


Weil, iy AMM 26, 
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PREVENTION. 

136. Explosions may be prevented by observing the 
following directions: 

1. Have the boiler inspected or tested to determine its 
safe working pressure. 

2. Use all possible care to prevent internal and external 
corrosion, and be careful that the plates do not become 
reduced to an excessive thinness without your knowledge. 

3. Do not strain the shell by subjecting it to great 
that is, do not blow it off hot and 
quickly fillup with cold water; do not deluge red-hot plates 
with cold water; and do not let in more cold air through the 


changes in temperature; 


’ 


furnace door than necessary. 


4. Do not overload the safety valve to make the task of 
firing easier, and do not let it become corroded fast to its 
seat. 

5. Do not allow the water to get very low. 


6. Cases have been known where the sudden opening or 
closing of alarge stop-valve leading to the main steam pipe 
has led to an explosion. There is considerable risk in so 
doing, hence it is well to open or close such a valve slowly 
and cautiously. 


7. Donot try tousea boiler after itis wornout. Replace 
it with a new one. 


8. When boilers are placed in buildings containing a great 


number of people, use a type of boiler in which the danger 
of a disastrous explosion is reduced to a minimum. 


Deo re a ele: 


BOILER-TRIAL DETAILS. 


PURPOSES OF A BOILER TRIAL. 


1. A boiler trial, or boiler test as it is often called, 
may be made for one or more of several purposes, the method 
of conducting the trial depending, naturally, largely on its 
purpose. The boiler trial may vary from the simplest one, 
in which the only observations are the fuel burned and the 
water fed to the boiler in a stated period of time, tothe 
elaborate standard boiler trial, in which special apparatus 
and several skilled observers are essential. 

2. ‘The purposes for which a boiler trial is made are as 
follows: 

1. To determine the steam-making value of a fuel, as 
measured by pounds of water evaporated per pound of fuel 
or pet dollar. 

2. To determine the standard horsepower of a boiler, 
according to the rating of the American Society of Mechanicai 
engineers. 

8. To determine the efficiency of the boiler; that is, to 
determine what percentage of the heat liberated by the fuel 
is usefully expended in evaporating water into dry steam. 

4. In conjunction with an engine test, to determine the 
coal consumption and steam consumption in pounds per 


indicated horsepower per hour. 
§ 21 
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BOILER TRIALS, § 21 


COMPARATIVE FUEL VALUE BOILER TRIAL. 


3. Introduction.—In the management of a steam plant 
the successful engineer will never lose sight of the commer- 
cial features of the management, since the cases in which 
the running expenses are of no consequence are few and far 
between. Since fuel, chiefly in the form of coal, is one of 
the most important items of running expenses, any reduction 
in the fuel cost represents a direct saving that is likely to be 
larger than any saving effected in one of the less important 
items. 


4, Finding the Commercial Value of a Fuel.—The 
commercial value of a given fuel for an existing set of con- 
ditions can be determined only by an extended trial, deter- 
mining, from carefully kept records, how much water is 
evaporated per dollar, and adding to the total fuel cost the 
cost of attendance and the cost of removal of ashes. Then, if 
a careful record be kept of the same items under the same con- 
ditions, but withdifferent fuels, the commercial values of these 
fuels zz relation to the boiler plant where the test 1s made, 
can be established, and the cheapest fuel for that plant can 
be selected, 


5. It will have been noticed that the basis of comparison 
is not the water evaporated per pound of fuel, but the water 
evaporated per do//ar. This basis of comparison is chosen 
for the simple reason that the owner of a boiler plant is not 
concerned about a high evaporative power of a fuel, but 
rather about the fuel that will run the plant at the least 
expense. 

Since it may not be apparent why the cost of attendance 
and removal of ashes should be considered, it may be stated 
that when low-priced fuels are used, it may be necessary to 
have more help, since generally a larger quantity must be 
burned. Likewise, with a low-grade (cheap) fuel there will 
be much more ashes to be removed. The item of wear and 
tear is generally omitted, since it is usually a constant 
quantity, irrespective of the fuel used. 
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6. Keeping the Records.—A convenient method of 
keeping the record is shown below. 


RECORD OF COMPARATIVE FUEL TESTS. 
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%. Analyzing the Records.—In this record the water 
evaporated per dollar is found by dividing the water evapora- 
tion in pounds by the sum-of the total fuel cost, the cost of 
attendance, and the cost of removing ashes. ‘The evapora- 
tion per pound of fuel is found by dividing the total 
evaporation in pounds by the total weight of fuel in pounds. 
Analyzing the record, it isseen that the order of evaporative 
performance per pound of fuel is egg, stove, nut, pea, and 
buckwheat, the egg coal evaporating nearly 24 times as much 
water as the buckwheat. Comparing their economic per- 
formances, however, from the standpoint of water evaporated 
per dollar, the order is as follows: buckwheat, pea, egg, 
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stove, and nut coal. The analysis shows that for the par- 
ticular boiler plant in which the tests were made, buckwheat 
coal, although very low in evaporative power, is the cheapest. 


8. Precautions.—The errors of concluding that a very 
cheap fuel must be necessarily cheap in the long run, and 
conversely, that a coal high in evaporative power ison that 
account the best coal, must be guarded against. The most 
satisfactory way in which a correct conclusion as to the 
respective commercial values of different fuels can be arrived 
at is to make an actual test and then compare their per- 
formances in the manner shown. 


9. Making the Test.—The making of a test for the 
purpose of finding the comparative value of different fuels 
for a given boiler plant is ordinarily a very simple matter, 
especially so in a plant that is running steadily under a uni- 
form load; that is, where the demand for steam is practically 
constant throughout the day and the same day after day. 


10. In order that the slight variations of conditions 
existing in the plant just mentioned may average themselves, 
it is advisable to let the test of each fuel extend over quite a 
period, say not less than a week. There is no particular 
necessity that the duration of the tests of each fuel should 
be alike, that is, one coal may be used for a week and another 
may be used for a month; it is absolutely necessary, how- 
ever, to keep an accurate record of the coal used and water 
evaporated. If it is convenient to make the duration of all 
tests alike, it may be done merely in order that no suspicion 
of unfairness may be created, but, as previously stated, there 
is no real necessity for this. 


11. The making of a comparative fuel value test in a 
plant running intermittently does not require any essentially 
different method of procedure from that followed ina steady- 
running plant. The only precaution to be observed is to let 
the test of each fuel extend over a considerable period of 
time, in order that conditions may be fairly uniform for each 
fuel. 
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12. Measuring the Coal.—The question of whether the 
coal fed to the boilers should be weighed or not depends on 
circumstances. In most cases, and especially where a kvown 
weight of coal sufficient for at least a week’s run or more is 
at hand and circumstances permit the test of this fuel to be 
continued until it is all burned, it would scarcely be neces- 
sary. The only precaution to be observed is to find out 
whether the fuel was paid for by the long ton (2,240 pounds) 
or by the short ton (2,000 pounds), in order that the weight 
may be correctly reduced to pounds for the record, in case 
it is desired to find the water evaporated per pound of fuel. 


13. Where storage capacity is sosmall that coal must be 
delivered at very frequent intervals, it would be advisable 
to weigh out the coal as used. Incidentally it may be 
remarked that this plan gives a good check as to the actual 
amount of coal delivered. A convenient plan for weighing 
the coal is to have a box with one side open placed on a plat- 
form scale. A weight is placed on the scale beam just suffi- 
cient to balancethe empty box. The scale is then set at 
400, 500, or 600 pounds, as desired. The coal is shoveled 
into the box until the beam rises, so that the box contains 
just 400, 500, or 600 pounds, as the case may be. The coal 
is then fed from the box into the furnace. 

A plan often followed is to weigh one wheelbarrow load of 
coal and then afterwards simply fill the wheelbarrow with 
the same amount of coal, as nearly as can be judged. This 
plan is simple, but liable to be very inaccurate, and conse- 
quently is not to be recommended. 


14, Measuring the Water.—-The amount of water evap- 
orated may in a test for comparative fuel values be taken as 
equal to the amount of feedwater supplied without intro- 
ducing any serious error. The most reliable method of 
measuring the feedwater delivered to the boilers is to weigh 
it. A convenient way of doing this is to have two tanks 
A and B, Fig. 1, one above the other. The supply of water 
is fed through the pipe C into the upper tank 4, which rests 
ona platform scale Y. After balancing the tank, the scale 
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may be set to weigh 500 or 600 pounds of water, the water 
being run in until the beam'rises and then shut off. The 
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upper tank is provided with a pipe & and valve F/, by 
means of which the water may be discharged into the lower 
tank, from which it is fed to the boiler through the pipe G. 


15. The attendant who keeps the record of coal supply 
or water supply should become accustomed to making the 
tally on his blank just before or after some regular opera- 
tion. For example, the person who weighs the feedwater 
should recora each tankful, say immediately after closing 
the valve in the supply pipe, or perhaps after emptying 
the upper tank into the lower. If this precaution is not 
observed, the attendant is liable to become uncertain as to 
whether he has recorded the previous data, and a mistake is 
almost certain to result. 


16. In some cases it is more convenient to use a water 
meter to measure the feedwater than to weigh it. A good 
water meter will register correctly within 1 per cent. of the 
actual amount, and the amount of error is practically con- 
stant, so that if the amount of error be known, a correction 
in the reading of the meter can readily be made. While 
the testing of a meter to determine its constant error is a 
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comparatively simple matter, it requires facilities rarely to 
be foundin a steam plant, and hence the best plan is to have 
it tested by the manufacturer. When a water meter is 
used, it should be attached directly to the feedpipe; a meter 
attached to a main water pipe should never be considered in 
a boiler test for the obvious reason that it shows how much 
water is delivered to the plant, but not how much water is 
fed to the boilers. Water meters almost invariably register 
the amount of water passing through them in gallons; their 
indication may be readily reduced to pounds by multiplying 
by 8.355, which is the number of pounds of water contained 
in the United States (Winchester) gallon of 231 cubic inches 
capacity. 


HORSEPOWER AND EFFICIENCY TESTS. 


1%. Finding the Standard Boiler Worsepower.— 
When making a horsepower or efficiency test, a more elabo- 
rate method of procedure is required than for a comparative 
fuel value test. The reason for this will become apparent 
when it is considered that different boilers generate steam 
at different pressures, different feedwater temperatures, and 
different degrees of dryness; this being the case, it follows 
that before the standard horsepower of boilers can be 
found, the evaporation must be reduced to a basis common 
to all, which is the equivalent evaporation from and 
at 212°. The standard horsepower is then obtained by 
dividing the equivalent evaporation by 3844, which repre- 
sents the number of pounds of water evaporated from and 
at 212° that has been agreed on by the American Society of 
Mechanical Engineers as the unit of standard boiler horse- 
power. 

18. Finding the Efficiency.—The efficiency of a boiler 
may be defined as the ratio of the heat utilized in evapora- 
ting water to the total heat supplied by the fuel. The 
efficiency thus calculated is really the combined efficiency 
of the furnace and boiler, as it is not easily possible to sepa- 
rately determine the efficiency of each, 
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19. The amount of heat supplied is determined by first 
accurately weighing the fuel used during the test and de- 
ducting all the ash and unconsumed portions. This weight 
in pounds is multiplied by the total heat of combustion of a 
pound of the fuel, as determined by an analysis, the product 
being the total number of heat units supplied during the 
test under the assumption that combustion was perfect. 
The heat usefully expended in evaporating water is obtained 
by first weighing the feedwater and correcting this weight 
according to the quality of the steam; the corrected weight 
is then multiplied by the number of heat units required to 
change water at the temperature of the feed into steam at 
the observed pressure. 


Rule 1.—7o find the cfficitency of a bowler, expressed in 
per cent., divide 100 times the number of heat units use- 
fully expended tn evaporating water by the number of heat 
units supplied by the fuel. 


Or, let = efiierency of poiler: 
A = heat units usefully expended; 
= heat units applied. 


Then, Jee Wee 
Lb 


ExamPLe.—A boiler trial shows a useful expenditure of 186,429,030 
B. T. U. and a total supply of 270,187,000 B. T. U.; what is the effi- 
ciency of the boiler plant ? 

SOLUTION.—Applying rule 1, we have 


100 « 186,429,030 
fe ee at C0 : ; 
270,187,000 9 per cent. Ans 


FINDING THE EQUIVALENT EVAPORATION. 


20, The actual evaporation of a boiler is rarely equal to 
the amount of water pumped into the boiler, since a boiler 
seldom, if ever, will produce dry saturated steam. For this 
reason the amount of feedwater must be multiplied by a 
factor representing the amount of dry steam contained in 
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every pound of water apparently evaporated. The man- 
ner in which this factor is determined will be explained 
further on. 


21. The equivalent evaporation is readily determined by 
the following rule: 


Rule 2.—/7o reduce actual evaporation to equivalent evap- 
oration, subtract the observed temperature of the feedwater 
from the total heat of 1 pound of steam above 82° at the 
pressure of evaporation. Add 82 to the remainder and mul- 
tiply the sum by the actual evaporation in pounds. Divide 
the product by 966.1. 


Or, let W = actual evaporation; 
fT =total heat of steam above 32° at observed 
pressure of evaporation; 
¢ = observed feedwater temperature; 
W, = equivalent evaporation from and at 212° F. 


ne =f ewes 9 >) 
He ype a 
, 966.1 


EXAMPLE.—A boiler generates 2,200 pounds of dry steam per hour 
at a pressure of 120 pounds, gauge. ‘The temperature of the feedwater 
being 70°, what is the equivalent evaporation ? 


SoLtuTIon.—According to the Steam Table, the total heat /7 corre- 
sponding to a gauge pressure of 120 pounds is 1,188.64 B. T. U. 
Applying rule 2, we get 


2,200 x (1,188.64 — 70 + 32) 


1= : = 2,620 Ib., nearly. Ans. 
W,= 966-1 = 2,620 lb., nearly Ans 
.. ff—t+ 82 
22. In rule 2 the quantity — ae that changes the 
JOU. 


actual evaporation of a pound of water to equivalent evap- 
oration from and at 212° is called the factor of evapora- 
tion. To facilitate calculation of the equivalent evaporation, 
the following table of Factors of Evaporation is inserted. 

The equivalent evaporation is found by multiplying the 
actual evaporation by the factor of evaporation taken from 
the table. 


2 
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EXaAmPLE.—A boiler takes in 4,400 pounds of water at 50° per hour. 
The steam pressure is 80 pounds, gauge. How much water would this 
boiler evaporate per hour from and at 212° ? 

SoLuTIon.—In the table of Factors of Evaporation, opposite a feed 
temperature of 50° and boiler pressure of 80 pounds, we find the 
factor 1.208. Multiply the quantity of water actually evaporated, viz., 
4,400 pounds, by this factor. 4,400 x 1.203 = 5,293.2 lb., the water that 
would be evaporated per hour from and at 212°. Ans. 


23. When neither the feedwater temperature nor the 
steam pressure appears in the table, the factor of evaporation 
can be found by interpolation, the method being shown best 
by an example. 


ILLUSTRATIVE EXAMPLE.—What is the factor of evaporation when 
the feedwater temperature is 122° and the gauge pressure 72 pounds ? 

SoLuTion.—In the table of Factors of Evaporation, under the 
column headed 70 and opposite 120 in the left-hand column, is found 
1.128; in column headed 80 and opposite 120 is found 1.131. The differ- 
ence is 1.131 — 1.128 = .008. Inthe same vertical columns and opposite 
130 are found 1.117 and 1.120, giving a difference of 008. Hence, for 
an increase of 10 pounds in the gauge reading there is an increase of 
.008 in the factor of evaporation, or an -increase of oa = .00038 for 
1 pound, and of .0008 « 2 = .0006 for 2 pounds, or the amount by which 
the given steam pressure varies from the next lower tabular pressure. 
Therefore, for a feedwater temperature of 120° and 72 pounds gauge 
pressure, the factor of evaporation is 1.128 + .0006 = 1.1286. 

The factor of evaporation must now be corrected for the feedwater 
temperature. ‘The difference between the numbers opposite 120 and 130 
in the two columns headed 70 and 80 is 1.128 — 1.117 = .011, and 1.131 
— 1.120 = .011, showing that for an increase of feedwater temperature 
of 10° there is a decrease of .011 in the factor, and for 1° of a == (KN. 
and for 2° of .0022. Hence, the value of the factor of evaporation fora 
temperature of 122° and a gauge pressure of 72 pounds is 1.1286 — .0022 
= 1.1264 to four decimal places. Ans. 


FINDING THE QUALITY OF THE STEAM. 


24. Introduction.—In making a boiler trial, it is impor- 
tant to determine as closely as possible how much moisture, 
if any, the steam contains. Many boilers, especially when 
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generating steam rapidly, furnish wet steam. The water is 
carried along with the steam in the form of spray or even 
in drops. Of course, this water is not evaporated, and if 
not taken account of, would show for the boiler a higher 
efficiency than it really possessed. 

By the expression ‘‘ quality of steam,” is meant the per- 
centage of the water fed ito the boiler that is evaporated 
into pure dry steam. For example, suppose that for every 
100 pounds of water fed to the boiler 98 pounds are changed 
to dry steam and 2 pounds are carried over in the form of 
water. Then, the quality of steam is 98 per cent. and the 
percentage of moisture is 2 per cent. 


25. Barrel Calorimeter.—It is a rather difficult matter 
to makea very exact determination of the moisture contained 
in steam. The appa- 
ratus or instrument 
used for this purpose 
is called a calorim- 
eter. There are many 
more or less compli- 
cated calorimeters in 
use; about the sim- 
plest and most avail- 
able one for general 
use is the so-called 


barrel calorimeter. 
(See Pig. 2.) A barrel 
or tank 7 holding 
400 or 500 pounds of water is placed ona platform scale S, filled 
with water, and weighed. The temperature of the water is 
registered by a thermometer inserted in the side of the barrel. 


Steam from the boiler is led through a pipe or hose (/into the 
barrel until the temperature of the water reaches 130° 
to 140° F. The steam is then turned off and the barrel and 
contents are again weighed. The difference between this 
weight and the original weight is the weight of the steam led 
in from the boiler. The average steam pressure throughout 
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the observation must be observed. It is well to have the 
tube bent as shown in the figure. 


26. We know the weight of the cold water and the rise in 
temperature; we also know the weight of the steam or the 
mixed steam and water that is led in from the boiler. From 
the Steam Table, the temperature of the steam can be found, 
since the pressure is known. 

Now, if dry steam comes through the pipe U, the con- 
densation of this steam should raise the temperature of the 
cold water in the barrel a certain amount. If the tempera- 
ture is not raised that much, it must be because some of the 
mixture led into the barrel was water. Very rarely the 
temperature of the cold water might rise more than it would 
if the steam were dry, thus indicating that the steam is 
superheated. 

Rule 3.—J/ultiply the rise in temperature of the cold 
water by the weight of cold water and divide the product by 
the weight of the mixture led in through the hose. Subtract 
the difference between the temperature of the steam and the 
final temperature of the water from the number first obtained. 
Divide this final remainder by the latent heat of a pound 
of steam at the observed pressure. The result will be the 
guality of the steam. 


Let W = weight of cold water in barrel; 
qw = weight of mixture run into the barrel; 
t= temperature of steam corresponding to the 
observed pressure ; 


Z, = original temperature of cold water; 
¢, = temperature of cold water after steam is con- 
densed; 


L = latent heat of a pound of steam at the observed 
pressure ; 

Q = quality of steam. 

UAC) 


Ww 


a *) 
‘ ; 


Then, Q 


| 
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EXAMPLE.—In a calorimetric test, the weight of cold water was 
420 pounds; of steam condensed, 36 pounds. The initial temperature 
of cold water was 40° F., the final temperature was 130° F., and the 
_ steam pressure was 60 pounds. Find the quality of the steam. 

SoLution.—Absolute pressure = 60 + 14.7 = 74.7 pounds per square 
inch. Latent heat of steam at this pressure is (see Steam Table) 898.5. 
The temperature of steam at this pressure is 307.2°. Hence, by rule 3, 


20 (130 — 40 - 
420 (180 — 40) __ (397.9 — 130) 


= x = OF Oe ~ “ 
(= — 308.5 _— = OA Oe pen Celta 
that is, the boiler generates a mixture that is composed of 97.14 per 
cent. dry steam and 2.86 per cent. water. Ans. 


2%. If Q is greater than 1, it shows that the steam is 
superheated. The number of degrees of superheat is then 


found by the following rule: 


Rule 4.— Subtract 1 from the quality of the steam cal- 
culated by rule 3 and multiply by the latent heat of the steam 
at the observed pressure. Divide the product by . 48. 

Or, GS Ieee 

45 
where S = superheat in degrees Fahrenheit and the other 
letters have the same meaning as in rule 3. 


28. The barrel calorimeter must be used very carefully 
in order to obtain accurate results. The operation should 
be repeated once or twice before the actual test is made, in 
order to warm up the barrel. The most important observa- 
tion is the temperature. This should be taken by a ther- 
mometer graduated to fifths or tenths of a degree. The 
weights should be as accurate as possible. The chief merit 
of the barrel calorimeter is its availability. It can be rigged 
up in almost any situation. 

29. Separator Calorimeter.— While the barrel calorim- 
eter is probably the most available form of calorimeter, 
some doubt attaches to the results obtained by its use, and 
it has been the aim of some noted engineers to design a 
form of instrument for measuring the quality of the steam 
that would combine simplicity with reliability and be more 
trustworthy than the barrel calorimeter, 
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30. Fig. 3 shows the so-called separator calorimeter 
designed by Professor R. C. Carpenter, Cornell University. 
The steam to be tested 
passes through the 
pipe @ and jhead @ into a 
the mechanical separa- = 
tor c. ~ The-steam, :es- iy 


capes through a series 
of fine holes and passes 
over the edge of the 
cup @ into the outer 
space. It passes out, 
thence, through the 
shank f and hose g toa 
condenser /, where it is 
condensed. The sudden 
change of direction of 
the flow of the steam in 


passing through the fine 
orifices in ¢ causes the 
water that is suspended 
in the Steam to be 
thrown into the cup d. 
The quantity thus 
caught a the cup is 
shown by the gauge 
glass: z7 The seale 7 


is so graduated that 


each division indicates 
qip pound. The sepa- Is 

rator frees the steam from entrained water in a very perfect 
manner, so that only practically dry steam passes to the 
condenser. 

The rate of flow of steam is limited by the size of the 
orifice in f, which is usually |, inch. Condensation with 
steam at 60 pounds gauge pressure will occur at the rate of 
about | pound in 3 minutes. The condenser should contain 
from 75 to 80 pounds of water, which should be as cold as 


H. S, [fIIl—3o 
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can conveniently be obtained and should fill the condenser 
to or a little above the zero mark of the scale v. Each 
division of the scale v indicates ;5 pound. As the steam 
condenses the water level will rise, and the difference 
between the successive readings of the scale indicates the 
weight of dry steam actually condensed. Readings should 
be taken simultaneously upon the scales v and 7 at the 
beginning and end of each test. The weight of steam actu- 
ally tested is the sum of the weights of the steam condensed 
in /# and the water that is caught in @. 


31. To use the instrument it must be warmed up slowly, 
to avoid breaking the gauge glass. The full pressure of 
steam should then be admitted and maintained until the 
test has been made. The valve and pipe connections should 
be well protected with good non-conducting material, but 
the body of the instrument and the condenser should be left 
uncovered. 

With a separator calorimeter, to find the quality of the 
steam use the following rule: 


Rule 5.—Divide the weight of water condensed in the 
condenser by the sum of the weights of the water condensed 
wn the condenser and the entrained water collected in the 
separator. 


Or, tet IV = weight of condensed water; 
w = weight of water in separator; 
Q = quality of steam. 


Then, C= i : 
a W+ w 


ExXAmMPLE.—The initial reading of the scale on the separator was 
04 pound and the final reading .28 pound, The scale on the condenser 
indicated .6 pound at the beginning and 16.8 pounds at the ending of 
the test. What is the quality of the steam ? 


SOLUTION.—Water in separator = .28 — .04 — .24 pound. Water in 
condenser = 16.8 — .6 = 16.2 pounds. Applying rule 5, we get 
pe 9854 98.5 
= Tee 4 10g — 9854, oF 98.54 per cent. Ans, 
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32. The quality of the steam having been determined, 
the actual amount of water evaporated by a boiler is found 
by multiplying the observed amount by the quality of the 
steam expressed decimally. 


ANALYSIS OF COAL. 


ULTIMATE ANALYSIS. 

33. There are two analyses of coal that may be made, 
each of which furnishes information of considerable interest 
and value tothe engineer. Of these analyses, one, called an 
ultimate analysis, determines the percentages of the various 
chemical elements of which the coal is composed, but does 
not necessarily show in what manner these elements are 
combined. It shows that, if asample of the coal is separated 
into its elements, there will be certain proportions of oxy- 
gen, hydrogen, carbon, etc. These proportions are gener- 
ally expressed as percentages of the weight of the original 
sample, the weight of which is considered as a unit, or 
100 per cent. From the ultimate analysis, the heating 
value of the coal may easily be estimated by 


Rule 6.—/o find the approximate heat of combustion of a 
pound of coal, multiply the weight of the carbon in hundredths 
of a pound by 14,600, Divide the weight of oxygen in hun- 
dredths of a pound by § and subtract the quotient from the 
weight of the hydrogen, also expressed in hundredths of a 
pound. Multiply the remainder by 62,000 and add the prod- 
uct tothe first product. Multiply the weight of sulphur in 
hundredths of a pound by 4,000 and add the product to the 
previous sum. 


Or, let XY = heat of combustion of coal per pound; 
C = percentage of carbon; 
O = percentage of oxygen; 
HT = percentage of hydrogen; 
S = percentage of sulphur. 
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O 
Then, ¥=14,600C + 62,000 (7- 5) + 4,000 S. 


EXAMPLE.—A coal contains 85 per cent. carbon, 4 per cent. oxygen, 
6 per cent. hydrogen, 1 per cent. sulphur, and 4 per cent. ash. What 
is the heat of combustion per pound ? 


So_utTion.—Applying rule 6, we have 
X = 14,600 x .85 + 62,000 ( .06 — ¥) == 4000 >< 01 = 15,860 BY TD. Us: 
. Ans. 
The ultimate analysis of a fuel is a difficult and expensive 
operation that can be successfully performed only by a 
skilled chemist with the facilities of a well-appointed labora- 
tory. Owing to its expense, it is seldom made except in 
such cases as important boiler trials, where it is desired to 
obtain the most accurate information possible regarding the 
properties of the fuel used. 


PROXIMATE ANALYSIS. 


34. Introduction.—Although the ultimate analysis of a 
fuel presents difficulties that render it impracticable for any 
but a skilled chemist, there is a method by means of which 
a careful engineer can acquire an amount of skill that will 
enable him to determine the percentages of water, volatile 
matter, fixed carbon, and ash witha fair degree of accuracy. 
This method is called a proximate analysis. 

The instruments and devices necessarily required are a 
sensitive balance with a box of weights, a platinum or por- 
celain crucible and stand for it, a Bunsen burner, and a blast 
burner. 


35. Selecting the Sample.—The first operation in 
making a fuel analysis consists in the selection of a sample 
that will fairly represent an average value of the fuel. 
Pieces of coal are selected at random here and there, until 
about 100 pounds have been collected. These should be 
broken up into pieces approximately equal in size and the 
pieces then thoroughly mixed. A conical pile is now heaped 
up, and by continually raking down a little coal from the 
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pile, a flat circular pile about 4 inches thick is formed, as 
shown in Fig. 4. Next mark off the pile into quadrants 
and remove two of the sectors 
diagonally opposite each other, 
ase andes. Om andes “hie 
remaining coal should now be 
broken up into a smaller size, 
and the whole operation gone 
through again. This should be 
repeated until the coal has been 
pulverized and only about a 
pint measure full is leit. “This 
amount is then finely pulverized 
and spread out on a piece of 
glazed paper, inacircular form. It is now divided into, say, 
8 equal sectors, and the amount to be subjected to analysis 
is then made up by taking equal parts from each sector in 
succession. Owing to the fact that the composition of the 
coal is to be expressed in per cent. of the weight of the sam- 


Fic. 4. 


ple, it is customary to use the metric system of weights, 
which is, in fact, the system universally used by chemists. 


36, Analyzing the Sample.—The analysis of coal is 
performed in the following order: determination of mois- 
ture, determination of volatile matter, determination of 
carbon, and, finally, determination of the ash. It is based 
on the fact that the moisture and volatile matter can be 
driven off by heat and that by increasing the heat to the 
igniting temperature of carbon, the latter can be burned, 
leaving behind the incombustible substances known as ash, 

In order that the results obtained may be compared with 
those obtained by others, it is essential that a uniform 
method be employed by all; that is, all chemists should use 
the same weight of coal to be analyzed and should heat it 
for the same length of time, as given in the directions for the 
standard laboratory method explained below. 


37. To determine the moisture, weigh out exactly 1 gram 
of the sample into a porcelain or platinum crucible and put 
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in a drying oven in which a temperature of 225° F. is main- 
tained. Keep it there for exactly 1 hour; allow it to cool, 
and then weigh the sample. The loss in weight represents 
the moisture. Thus, if the sample weighed 1 gram 
(1,000 milligrams) before heating and 912 milligrams after 
heating, the moisture weighed 1,000 — 912 = 88 milligrams. 
88 « 100 

1,000 — 


Reducing it to per cent., we have moisture =- 


== Sr one mceml. 


38. The volatile matter is determined by weighing out 
1.5 grams (1,500 milligrams) of the undried pulverized 
sample into a platinum crucible and covering tightly. Heat 
it for 34 minutes over a Bunsen burner, keeping up a bright 
red heat, and then heat it immediately, without cooling, over 
a blast burner for 34 minutes at a white heat. Allow the 
sample to cool and then weighit. The loss in weight repre- 
sents the volatile matter, i. e., the hydrocarbons and the 
moisture. Thus, if the sample weighed 1,500 milligrams 
before heating and 1,149 milligrams after heating, the vola- 


tile matter weighs 1,500 — 1,149 = 351 milhgrams and con- 
; B91 & 100 i 
stitutes a 20.4 per cént. of the coal. “Then, since 
the moisture is 8.8 per cent., the volatile combustible is 
23.4 — 8.8 = 14.6 per cent. 
If a coke is formed in the preceding operation, make a 
note of its properties, color, firmness, ete. 


39. To determine the fixed carbon, place what is left of 
the sample after having determined the volatile matter 
(1,149 milligrams in this case) into a crucible and weigh it. 
Place this in an inclined position, with cover removed, over 
a Bunsen burner and heat it until the carbon is all burned. 
By inclining the crucible and having it uncovered, the air 
can circulate freely in the crucible; this is essential, since the 
carbon cannot burn without the oxygen supplied by the air. 

To determine positively when the carbon is all burned, 
heat until the ash appears to be free from carbon; then cool 
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the crucible and weigh. Place it over the lamp again and 
burn for a few minutes longer; then cool and weigh. If the 
second weight is the same as the first, the carbon is all burned 
out and the crucible contains nothing but ash. If, however, 
the second weight is less than the first, more carbon has 
been burned out, and the process should be repeated until 
two successive weighings give the same result. The com- 
bustion of the carbon may be hastened by stirring the charge 
occasionally with a platinum wire. The difference between 
the weight of the crucible with coke and its weight with the 
ash remaining after the carbon has been burned out is the 
fixed carbon. 

Assume that the crucible and coke weighed 21,500 mil- 
ligrams and after burning out the carbon it weighs 
20,650 milugrams. ‘Then the carbon weighs 21,500 — 20,650 
= 850 milligrams. Remembering that the original weight 
of the sample was 1,500 milligrams, the percentage of carbon 


850 & 100 
ae = Ooo pelaCemp, 
1,500 


40, The ash can either be weighed directly or its weight 
can be obtained by subtracting the weight of the crucible 
from the weight of the crucible and ash, 1. e., 20,650 milli- 
grams. Let the crucible weigh 20,351 milligrams. The ash 
then weighs 20,650 — 20,351 = 299 milligrams. _Remember- 
ing that the sample weighed 1,500 milligrams originally, the 
sis) Se 1NOKG) 

1,500 
Summing up, the sample shows the coal to have the fol- 


percentage of ash is == iL) Wha} [oKele XSiAE 


lowing composition: 


MIDIS EUG ators mceet triage ee etcrien Pestaasiota oem iets 8.80 per cent. 
lei WHOlMOXCBVADNOMIES os Gao kuancoueoonobopoosanee 14.60 per cent. 
Dspace We OXON Brus agers os eae ented e omen 56.67 per cent. 
JNA, 86 OO OG iho ORO eee. Gn eh hace Oe 19.98 per cent. 


100.00 per cent. 


414. In making the proximate analysis, great care must 
be taken to weigh as exactly as possible and also to avoid 
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spilling any part of the sample. The composition of the 
hydrocarbons not being given by the proximate analysis, the 
heating value of the coal cannot be accurately computed 
from the results obtained by it; the average composition 
of the volatile combustibles, however, varies in most coals 
but little from the composition of marsh gas, Ci it ay il. 
therefore, be found that a very good approximate estimate 
of the heating value can be made by calculating from the 
percentages of fixed carbon and volatile hydrocarbons 
determined by the proximate analysis, under the assumption 
that all the volatile matter is composed of C//,. 

Under this assumption, the rule for calculating the 
approximate heating value from the percentages given by 
the proximate analysis is as follows: 

Rule 7.—Multiply the percentage of hydrocarbons, expressed 
as a decimal, by 23,600, and the percentage of fixed carbon, 
expressed in the same way, by 14,600; the sum of these two 
products will be the approximate heating value of 1 pound of 
the undried coal. 


Or, X = 23,600 V+ 14,600 C, 


where |’ = percentage of hydrocarbons and the other letters 
have the same meaning as in rule 6. 
EXAMPLE.—What is the heat of combustion of a coal having the 
composition given in Art. 40? 
SoLuTion.—Applying rule 7, we get 
X = 28,600 x .146 + 14,600 x .5667 = 11,719.4 B. T. U. Ans. 


STANDARD FORM OF BOILER TRIAL. 

4%. The American Society of Mechanical Engineers in 
1885 accepted the report of a committee that had formulated 
a set of rules for the conducting of boiler trials in order to 
have uniformity. The code of rules was revised in 1899 
by another committee and the universal adoption of the 
revised rules recommended. The rules are given below 
practically in full. 
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RULES FOR CONDUCTING BOILER TRIALS. 
(Code of 1IS99,) 


I. Determine at the outset the specific object of the pro- 
posed trial, whether it be to ascertain the capacity of the 
boiler, its efficiency as a steam generator, its efficiency and 
its defects under usual working conditions, the economy of 
some particular kind of fuel, or the effect of changes of 
design, proportion, or operation; and prepare for the trial 
accordingly. 


Il. Aavamine the boiler, both outside and inside; ascer- 
tain the dimension of grates, heating surfaces, and all 
important parts; and make a full record, describing the 
same, and illustrating special features by sketches. The 
area of heating surface is to. be computed from the surfaces 
of shells, tubes, furnaces, and fireboxes in contact with the 
fire or hot gases. The outside diameter of water tubes and 
the inside diameter of fire tubes are to be used in the com- 
putation. All surfaces below the mean water level which 
have water on one side and products of combustion on the 
other are to be considered as water-heating surface, and all 
surfaces above the mean water level which have steam on 
one side and products of combustion on the other are to be 
considered as superheating surface. 


e 


Ill. WNottce the general condition of the boiler and its 
equipment and record such facts in relation thereto as bear 
upon the objects in view. 

If the object of the trial is to ascertain the maximum 
economy or capacity of the boiler as a steam generator, the 
boiler and all its appurtenances should be put in first-class 
condition. Clean the heating surface inside and outside, 
remove clinkers from the grates and from the sides of the 
furnace. Remove all dust, soot, and ashes from the chambers, 
smoke connections, and flues. Close air leaks in the masonry 
and poorly fitted cleaning doors. See that the damper will 
open wide and close tight. _Test for air leaks by firing a few 
shovels of smoky fuel and immediately closing the damper, 
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observing the escape of smoke through the crevices, or by 
passing the flame of a candle over cracks in the brickwork. 

IV. Determine the character of the coal to be used. For 
tests of the efficiency or capacity of the boiler for compari- 
son with other boilers, the coal should, if possible, be of 
some kind which is commercially regarded as a standard. 
For New England and that portion of the country east of 
the Alleghany Mountains, good anthracite egg coal, contain- 
ing not over 10 per cent. of ash, and semi-bituminous 
Clearfield (Pennsylvania), Cumberland (Maryland), and 
Pocahontas (Virginia) coals are thus regarded. West of 
the Alleghany Mountains, Pocahontas (Virginia) and New 
River (West Virginia) semi-bituminous, and Youghiogheny 
or Pittsburg bituminous coals are recognized as standards. 
There is no special grade of coal mined in the Western 
States which is widely recognized as of superior quality or 
considered as a standard coal for boiler testing. Big Muddy 
lump, an Illinois coal mined in Jackson County, Illinois, is 
suggested as being of sufficiently high grade to answer 
these requirements in districts where it is more conveniently 
obtainable than the other coals mentioned above. 

For tests made to determine the performance of a boiler 
with a particular kind of coal, such as may be specified in a 
contract for the sale of a boiler, the coal used should not be 
higher in ash and in moisture than that specified, since 
increase in ash and moisture above the specified amount is 
apt to cause a falling off of both capacity and economy in 
greater proportion than the proportion of such increase. 

V. Establish the correctness of all apparatus used in the 
test for weighing and measuring. These are: 

1. Scales used for weighing coal, ashes, and water. 

2. Tanks or water meters for measuring water. Water 
meters, as a rule, should only be used as a check on other 
measurements. For accurate work, the water should be 
weighed or measured in a tank. 

3. Thermometers and pyrometers for taking tempera- 
tures of air, steam, feedwater, waste gases, etc. 
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4. Pressure gauges, draft gauges, etc. 


The kind and location of the various pieces of testing 
apparatus must be left to the judgment of the person con- 
ducting the test, always keeping in mind the main object, 
i. e., to obtain authentic data. 


VI. See that the boiler is thoroughly heated before the 
trial to its usual working temperature. If the boiler is new 
and of a form provided with a brick setting, it should be in 
regular use at least a week before the trial, so as to dry and 
heat the walls. If it has been laid off and become cold, it 
should be worked before the trial until the walls are well 
heated. 


VII. The bozler and connections should be proved to be 
free from leaks before beginning a test, and all water con- 
nections, including blow and extra feedpipes, should be dis- 
connected, stopped with blank flanges, or bled through 
special openings beyond the valves, except the particular 
p*pe through which water is to be fed to the boiler during 
the trial. During the test, the blow-off and _ feedpipes 
should remain exposed to view. If an injector is used, it 
should receive steam directly through a felted pipe from the 
boiler being tested. 

Novrr.—In feeding a boiler undergoing test with an injector taking 
steam from another boiler or from the main steam pipe from several 
boilers, the evaporative results may be modified by a difference in the 
quality of the steam from such source compared with that supplied by 
the boiler being tested, and in some cases the connection to the injector 
may act asa drip for the main steam pipe. If it is known that the 
steam from the main steam pipe is of the same pressure and quality as 
that furnished by the boiler undergoing the test, the steam may be 
taken from such main steam pipe. 

If the water is metered after it passes the injector, its 
temperature should be taken at the point where it leaves 
the injector. If the quantity is determined before it goes 
to the injector, the temperature should be determined on 
the suction side of the injector; and if no change of tem- 
perature occurs other than that due to the injector, the 
temperature thus determined is properly that of the feed- 
water. When the temperature changes between the injector 
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and the boiler, as by the use of a heater or by radiation, the 
temperature at which the water enters and leaves the injec- 
tor and that at which it enters the boiler should all be 
taken. In that case the weight to be used is that of the 
water leaving the injector, computed from the heat units 
if not directly measured, and the temperature that of the 
water entering the boiler. 

Let w= weight of water entering the injector; 

x = weight of steam entering the injector; 

h, = heat units per pound of water entering injector ; 
h, = heat units per pound of steam entering injector ; 
h, = heat units per pound of water leaving injector. 
Then, w+ += weight of water leaving injector; 
h,— hy 
h,—h, 

See that the steam main is so arranged that the water of 
condensation cannot run back into the boiler. 


+= W 


VIII. Duration of the Test.—For tests made to ascer- 
tain either the maximum economy or the maximum capacity 
of the boiler, irrespective of the particular class of service 
for which it is regularly used, the duration should be at 
least 10 hours of continuous running. 

If the rate of combustion exceeds 25 pounds of coal per 
square foot of grate surface per hour, it may be stopped 
when a total of 250 pounds of coal has been burned per 
square foot of grate. 

In cases where the service requires continuous running for 
the whole 24 hours of the day, with shifts of firemen a num- 
ber of times during that period, it is well to continue the 
test for at least 24 hours. 

When it is desired to ascertain the performance under the 
working conditions of practical running, whether the boiler 
be regularly in use 24 hours a day or only a certain number 
of hours out of each 24, the fires being banked the balance 
of the time, the duration should not be less than 24 hours. 


IX. Starting and Stopping a Test.—The conditions of the 
boiler and furnace in all respects should be, as nearly as 
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possible, the same at the end as at the beginning of the test. 
The steam pressure should be the same; the water level the 
same; the fire upon the grates should be the same in quan- 
tity and condition; and the walls, flues, etc. should be of 
the same temperature. Two methods of obtaining the 
desired equality of conditions of the fire may be used, viz. : 
‘the standard method” and ‘‘the alternate method,” the 
latter being employed where it is inconvenient to make use 
of the standard method. 


X. Standard Method of Starting and Stopping a Test.— 
Steam being raised to the working pressure, remove rapidly 
all the fire from the grate, close the damper, clean the ash- 
pit, and as quickly as possible start a new fire with weighed 
wood and coal, noting the time and the water level while 
the water is ina quiescent state, just before hghting the fire. 


Note.—The gauge glass should not be blown out within an hour 
before the water level is taken at the beginning and end of a test, 
otherwise an error in the reading of the water level may be caused by a 
change in the temperature and density of the water in the pipe leading 
from the bottom of the glass into the boiler. 

At the end of the test remove the whole fire, which has 
been burned low, clean the grates and ash-pit, and note the 
water level when the water is ina quiescent state, and record 
the time of hauling the fire. The water level should be as 
nearly as possible the same as at the beginning of the test. 
If it is not the same, a correction should be made by com- 
putation and not by operating the pump after the test is 
completed. 


XI. Alternate Method of Starting and Stopping a Test.— 
The boiler being thoroughly heated by a preliminary run, 
the fires are to be burned low and well cleaned. Note the 
amount of coal left on the grate as nearly as it can be esti- 
mated; note the pressure of steam and the water level. 
Note the time and record it as the starting time. Fresh 
coal which has been weighed should be now fired. The ash- 
pits should be thoroughly cleaned at once after starting. 
Before the end of the test the fires should be burned low, 
just as before the start, and the fires cleaned in such a 
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manner as to leave a bed of coal on the grates of the same 
depth and in the same condition as at the start. When 
this stage is reached, note the time and record it as the 
stopping time. The water level and steam pressure should 
previously be brought as nearly as possible to the same point 
as at the start. If the water level is not the same as at the 
start, a correction should be made by computation and not 
by operating the pump after the test is completed. 


XII. Untformity of Conditions.—In all trials made to 
ascertain maximum economy or capacity, the conditions 
should be maintained uniformly constant. Arrangements 
should be made to dispose of the steam so that the rate of 
evaporation may be kept the same from beginning to end. 
This may be accomplished in a single boiler by carrying the 
steam through a waste steam pipe, the discharge from which 
can be regulated as desired. In a battery of boilers, in 
which only one is tested, the draft may be regulated on the 
remaining boilers, leaving the test boiler to work under a 
constant rate of production. 

Uniformity of conditions should prevail as to the pressure 
of steam, the height of water, the rate of evaporation, the 
thickness of fire, the times of firing and quantity of coal 
fired at one time, and as to the intervals between the times 
of cleaning the fires. 

The method of firing to be carried on in such tests should 
be dictated by the expert or person in responsible charge of 
the test, and the method adopted should be adhered to by 
the fireman throughout the test. 


XII. = Aeeping the Records.—Take note of every event 
connected with the progress of the trial, however unimpor- 
tant it may appear. Record the time of every occurrence 
and the time of taking every weight and every observation. 

The coal should be weighed and delivered to the fireman 
in equal proportions, each sufficient for not more than one 
hour’s run, and a fresh portion should not be delivered until 
the previous one has all been fired. The time required to 
consume cach portion should be noted, the time being 
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recorded at the instant of firing the last of each portion. 
It is desirable that at the same time the amount of water 
fed into the boiler should be accurately, noted and recorded, 
including the height of the water in the boiler and the aver- 
age pressure of steam and temperature of feed during the 
time. By thus recording the amount of water evaporated 
by successive portions of coal, the test may be divided into 
several periods, if desired, and the degree of uniformity of 
combustion, evaporation, and economy analyzed for each 
period. In addition to these records of the coal and the 
feedwater, half hourly observations should be made of the 
temperature of the feedwater, cf the flue gases, of the exter- 
nal air in the boiler room, of the temperature of the furnace 
when a furnace pyrometer is used, also of the pressure of 
steam, and of the readings of the instruments for determin- 
ing the moisture in the steam. A log should be kept on 
properly prepared blanks containing columns for records of 
the various observations. 

.When the ‘“‘standard method” of starting and stopping 
the test is used, the hourly rate of combustion and of evapo- 
ration and the horsepower should be computed from the 
records taken during the time when the fires are in active 
condition. This time is somewhat less than the actual time 
which elapses between the beginning and end of the run. 
The loss of time due to kindling the fire at the beginning 
and burning it out at the end makes this course necessary. 

XIV. Quality of Steam.—The percentage of moisture in 
the steam should be determined by the use of either a 
throttling or a separating steam calorimeter. The sampling 
nozzle should be placed in the vertical steam pipe rising 
from the boiler. It should be made of 4-inch pipe and 
should extend across the diameter of the steam pipe to 
within 4 inch of the opposite side, being closed at the end 
and perforated with not less than twenty 4%-inch holes 
equally distributed along and around its cylindrical surface, 
but none of these holes should be nearer than 4 inch to the 
inner side of the steam pipe. The calorimeter and the pipe 
leading to it should be well covered with felting. Whenever 
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the indications of the throttling or separating calorim- 
eter show that the percentage of moisture is irregular or 
occasionally in excess of 3 per cent., the results should be 
checked by a steam separator placed in the steam pipe as 
close to the boiler as convenient, with a calorimeter in the 
steam pipe just beyond the outlet from the separator. The 
drip from the separator should be caught and weighed and 
the percentage of moisture computed therefrom added to 
that shown by the calorimeter. 

Superheating should be determined by means of a ther- 
mometer placed ina mercury wellinserted in the steam pipe. 
The degree of superheating should be taken as the differ- 
ence between the reading of the thermometer for super. 
heated steam and the readings of the same thermometer for 
saturated steam at the same pressure as determined by a 
special experiment and not by reference to Steam Tables. 


XV. Sampling the Coal and Determining [ts Motsture.—~ 
As each barrow load or fresh portion of coal is taken from 
the coal pile, a representative shovelful is selected from it 
and placed in a barrel or box ina cool place and kept until 
the end of the trial. The samples are then mixed and 
broken into pieces not exceeding 1 inch in diameter and 
reduced by the process of repeated quartering and crushing 
until a final sample weighing about 5 pounds is obtained 
and the size of the larger pieces is such that they will pass 
through a sieve with }4-inch meshes. From this sample 
2 one-quart, air-tight, glass preserving jars, or other air- 
tight vessels which will prevent the escape of moisture from 
the sample, are to be promptly filled, and these samples are 
to be kept for subsequent determinations of moisture and of 
heating value and for chemical analyses. During the proc- 
ess of quartering, when the sample has been reduced to 
about 100 pounds, a quarter to a half of it may be taken for 
an approximate determination of moisture. This may be 
made by placing it in a shallow iron pan, not over 3 inches 
deep, carefully weighing it, and setting the pan in the hot- 
test place that can be found on the brickwork of the boiler 
setting or flues, keeping it there for at least 12 hours, and 
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then weighing it. The determination of moisture thus 
made is believed to be approximately accurate for anthra- 
cite and semi-bituminous coals, and also for Pittsburg or 
Youghiogheny coal; but it cannot be relied upon for coals 
mined west of Pittsburg or for other coals containing inher- 
ent moisture. For these latter coals it is important that a 
more accurate method be adopted. The method recom- 
mended by the committee for all accurate tests, whatever 
the character of the coal, is described as follows: 

Take one of the samples contained in the glass jars and 
subject it to a thorough air-drying by spreading it in a thin 
layer and exposing it for several hours to the atmosphere of 
a warm room, weighing it before and after, thereby deter- 
mining the quantity of surface moisture it contains. Then 
crush the whole of it by running it through an ordinary 
coffee mill adjusted so as to produce somewhat coarse grains 
(lessthan ;!, inch), thoroughly mix the crushed sample, select 
from it a portion of from 10 to 50 grams, weigh it in a balance 
which will easily show a variation as small as 1 part in 1,000, 
and dry it in an air or sand bath at a temperature between 
240 and 280° F. for 1 hour. Weigh it and record the loss, 
then heat and weigh it again repeatedly at intervals for an 
hour or less, until the minimum weight has been reached 
and the weight begins to increase by oxidation of a portion 
of the coal. The difference between the original and the 
minimum weight is taken as ‘the moisture in the air-dried 
coal. This moisture test should preferably be made on 
duplicate samples, and the results should agree within 
.3 to.4 of 1 per cent., the mean of the two determinations 
being taken as the correct result. The sum of the 
percentage of moisture thus found and the percentage 
of surface moisture previously determined is the total 
moisture. 

XVI. Treatment of Ashes and Refuse.—The ashes and 
refuse are to be weighed in a dry state. If it is found desir- 
able to show the principal characteristics of the ash, a sample 
should be subjected to a proximate analysis and the actual 
amount of incombustible material determined. For elaborate 

Ele Sh Dain 
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trials a complete analysis of the ash and refuse should be 
made. 

XVII. Calorific Tests and Analysts of Coal.—The quality 
of the fuel should be determined either by heat test or by 
analysis, or by both. 

The rational method of determining the total heat of com- 
bustion is to burn the sample of the coal in an atmosphere of 
oxygen gas, the coal to be sampled as directed in Article XV. 
of this code. 

The chemical analysis of the coal should be made only by 
an expert chemist. The total heat of combustion computed 
from the results of the ultimate analysis may be obtained by 
the use of Dulong’s formula (with constants modified by 


Cc 
4+. 4.000 Sin which C, 7, O,-and S refer to the proportions 
of carbon, hydrogen, oxygen, and sulphur, respectively, as 
determined by the ultimate analysis. 


recent determinations), viz.: 14,600 C + 62,000 (77 = 7 


It is desirable that a proximate analysis should be made, 
thereby determining the relative proportions of volatile 
matter and fixed carbon. These proportions furnish an 
indication of the leading characteristics of the fuel and 
serve to fix the class to which it belongs. As an additional 
indication of the characteristics of the fuel, the specific 
gravity should be determined. 


XVIII. Analysis of Flue Gases.—The analysis of the 
flue gases is an especially valuable method of determining 
the relative value of different methods of firing or of dif- 
ferent kinds of furnaces. In making these analyses great 
care should be taken to procure average samples, since the 
composition is apt to vary at different points of the flue. 
The composition is also apt to vary from minute to minute, 
and for this reason the drawings of gas should last a con- 
siderable period of time. Where complete determinations 
are desired, the analyses should be intrusted to an expert 
chemist. 

For the continuous indication of the amount of carbonic 
acid present in the flue gases, an instrument may be 
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employed which shows the weight of the sample of gas 
passing through it. 


XIX. Smoke Observations.—It is desirable to have a 
uniform system of determining and recording the quantity of 
smoke produced where bituminous coal isused. The system 
commonly employed is to express the degree of smokiness 
by means of percentages dependent upon the judgment of 
the observer. The committee does not place much value upon 
the percentage method, because it depends so largely upon the 
personal element, but if this method is used, it is desirable 
that so far as possible a definition be given in explicit terms 
as to the basis and method employed in arriving at the per- 
centage. The actual measurement of a sample of soot and 
smoke by some form of meter is to be preferred. 


XX. Jiscellancous.—In tests fer purposes of scientific 
research, in which the determination of all the variables 
entering into the test is desired, certain observations should 
be made which are, in general, unnecessary for ordinary 
tests. These are the measurement of the air supply, the 
determination of its contained moisture, the determination 
of the amount of heat lost by radiation, of the amount of 
infiltration of air through the setting, and (by condensation 
of all the steam made by the boiler) of the total heat imparted 
to the water. 

As these determinations are rarely undertaken, it is not 
deemed advisable to give directions for making them. 

XXI. Calculations of FE ficiency.—Two methods of defining 
and calculating the efficiency of a boiler are recommended. 
They are: 

1. Efficiency of the boiler 


Heat absorbed per pound combustible 
~ Calorific value of 1 pound combustible’ 


2. Efficiency of the boiler and grate 


Heat absorbed per pound coal 


~ Calorific value of 1 pound coal’ 
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The first of these is sometimes called the efficiency based on 
combustible and the second the efficiency basedon coal. The 
first is recommended as a standard of comparison for all tests, 
and this isthe one which is understood to be referred to when 
the word “efficiency ” alone is used without qualification. 
The second, however, should be included in a report of a 
test, together with the first, whenever the object of the test 
is to determine the efficiency of the boiler and furnace 
together with the grate (or mechanical stoker), or to com- 
pare different furnaces, grates, fuels, or methods of firing. 
The heat absorbed per pound of combustible (or per pound 
of coal) is to be calculated by multiplying the equivalent 
evaporation from and at 212° per pound combustible (or 
coal) by 965.7. 


XXII. The Heat Balance.— An approximate ‘‘heat 
balance,” or statement of the distribution of the heating 
value of the coal among the several items of heat utilized 
and heat lost, may be included in the report of a test 
when analyses of the fuel and of the chimney gases 
have been made. It should be reported in the form shown 
on the following page. 


XXIII. Report of the Trial.—The data and results should 
be reported in the manner given in either one of the two 
following tables, omitting lines where the tests have not 
been made as elaborately as provided for in such tables. 
Additional lines may be added for data relating to the 
specific object of the test. The extra lines should be class 
sified under the headings provided in the tables and 
numbered as per preceding line, with sub letters a, J, etc. 
The Short Form of Report, Table No. 2, is recommended 
for commercial tests and as a convenient form of abridging 
the longer form for publication when saving of space is 
desirable. For elaborate trials, it is recommended that 
the full log of the trial be shown graphically by means 
of a chart. 

In Table No. 1 the items printed in italics correspond to 
the items in Table No. 2. 
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HEAT BAUANCE, OR DISTRIBUTION OF TITE HEATING VALUE 
OF THE COMBUSTIBLE. 


Total Heat Value of 1 pound of Combustible. .B. T. U. 


B. I. U. | Per Cent. 


1. Heat absorbed by the boiler = evapora- 
tion from and at 212° per pound of 
Comm DUSiMOIE, Wb Oaiog saa hanes aa: 
2. 408s Cue 10 Moisture in coal = per 
cent. of moisture referred to com- 
bustible + 100 x (212 — 7) + 966 
+ .48 (7 — 212) (¢=temperature of 
ait im the boiler room.) 7 = that or the 
FIC MOISES) puro ticmnta Aeetat @ cheek aon yee 
3. Loss due to moisture formed by the 
burning of hydrogen = per cent. of 
hydrogen to combustible + 100 x 9 
x [212 — 7) + 966 + 0.48 (7 — 212)] 
4. Loss due to heat carried away in the 
dry chimney gases = weight of gas 
per pound of combustible x .24 
es Ta Te ee are eee 
5. Loss due to incomplete combustion of 
CO 

COMNCO 

per cent. C in combustible 
100 

3. Loss due to unconsumed hydrogen and 
hydrocarbons, to heating the moisture 
in the air, to radiation, and unac- 
counted for. (Some of these losses 


(Aieloxonal == 


nat malin Oe 


may be separately itemized if data 
are obtained from which they may 
WE, CACM ACCS iran teil nem wigs Gye ens 


AIS GS (yea lic Sa ar eee) Read ap ae hee se) All oy Ree eat 100.00 
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TABLE NO. 1. 


DATA AND RESULTS OF EVAPORATIVE TEST. 


ARRANGED IN ACCORDANCE WITH THE COMPLETE FORM 
ADVISED BY THE BoILER TEST COMMITTEE OF THE AMERICAN 
Society oF MECHANICAL ENGINEERS. CoDB# OF 1899. 


IMA i eases etasicnlo ie CEM lata eae EXC Gi is samara agers ae he 
PAOLA ES IRIATING ace ote my es pcs das Head esata tos? tes tepals hey exec el GAaheke 
Principal tomditions povernine® the trial ests vvcsde teu spo ‘ 


Kind of Fuel 
Kind of Furnace 


UCT MALE. WATIS0 MN. GNA Al, COE)». 


i ate ar Lrrar S4gS OS Tete eee 
ete LOW CLEL OMT id RE Da econ xccttcincene he Bi irene goes cea ae hours 


DIMENSIONS AND PROPORTIONS. 


A complete description of the boiler and drawings of 
the same, if of unusual type, should be given on an annexed 
sheet. 


Bi, RG AER SUE LICE cattea emia t WEEE IE a aos ep 

COE DUM y Se setae, Chavis ak DOE re Bite Mod Darkane square feet 
a ERE DE OL eM GE els oe esre neal as teaver! inches 
5. Approximate width of air spaces im orate....... inches 


6. Proportion of air space to whole grate surface. . per cent. 


hae, WV ALF LEAT SUPT OCG ne ae ee eee square feet 
Ba DUPEP RANTILE SUP TUES Nene ene ctnee oa square feet 
9. Ratioof water-heating surface to grate surface. . — tol 


10.. Ratio of minimum draft area to grate surface...1 to — 
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AVERAGE PRESSURE. 
Steam pressure by gauge....... pounds per square inch 
Force of draft between damper and boiler inches of water 
POnCevOl Chait Mm tUrnaces nokia ceeds inches of water 
Force of draft or blast in ash-pit........inches of water 


AVERAGE TEMPERATURE. 


One cot Cia) 9 nines eames ee ne eee ek ee degrees 
OPT OOPS. bathe chicory ABO PIn Gia eRe KO lene Seg degrees 
SUC AMINE Rs Metis rin Cece kT yelciaan Ate ene oe ee degrees 
OF Pecu water entering Heater, 1.0500: ac. crea: degrees 
Of Teedwater-emtering GCOnomiZzer..o.e<.e.. 02. degrees 
OFF AEG ALER CHET INE COMER race hensive wie = degrees 
OES EUMINE USES FLOM OUI: rata dsm atetneng G2 > degrees 
Or escaping Gases from economizer... 2255 <2. degrees 
FUEL. 
See galts SOOM CMO tNSlarayn arya erie eye Se cad age eke 
Weight of wood used in lighting fire/’......5..: pounds 
WCU VEE OF COME GS Hi 2A is see, ase ena ae ese fa eee pounds 
LEUCEUTAZENO) MOISTURE UH COAL. a wine hota a ens per cent: 
Lolal Wergvl Of APY COAL: CONSUMED. . 6.2408 Pe 20 pounds 
SED MIO AY ACEI Te Rtg | LY 2a Re RR POR RCR Mea eae eee Pee eae pounds 
Oucility or asian: TEMISE Sh ieisre cone 4 oie a3. i a 
Total combustible consumed << ie. swede cae pounds 
Percentage of ash and refuse in dry coal...... per cent, 


PROXIMATE ANALYSIS OF COAL. 


Of Coal. Of Combustible. 
PHmMe Cd CALDOM <0 lace ee as percent. per cent, 
NOlabHle matter se. tas per cent. per cent. 
I Rove) 0 ea Ree a area an per cent per cent. 
BENG LRN ae 05 WT, Sane enn ya per cent. per cent. 


100) per cent. 100 per cent. 


Sulphur, separately deter- 
TEMAS Clan aaa ee avon eee tae per cent. per cent, 


* Including Item 24 multiplied by 0.4. 
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ULTIMATE ANALYSIS OF Dry COAL. 


(Art. XAVIT., Cade:) 


Of Coal. Of Combustible. 
Capon: Waste te sear percent: percent. 
lenlycelinaren iat Go yaaa ener per cent. per cent, 
Op cycedoialel (| NO ran remcer ictiaran © per cent. per cent. 
IEDM LY yeiatty ee Attn per cent. per cent. 
rH CN Tt (gg (ro) Mya ee pew ore n tree per cent, per Cent. 
SG Nes one rae ate See ae ee per cent. per cent, 


100 percent. 100 per cent. 
Moisture in sample of coal 
as’ TECELVeU, 25 a aces per cent. per cent, 


ANALYSIS OF ASH AND REFUSE. 
(corona Wi, pr ea eich eye na ee rete per cent. 
Barely Ra LCGTE ser wise Weaas as = o.oo teaye ake oe OEE per Cent. 


FUEL PER Hour. 


TIES LOE) COMSIEMEER DEI" GUT in tee Sie cbath ce Prtena yes pounds 
Combustible consumed) per bowr..5.-6 a... at pounds 
Dry coal per square foot of grate surface per 

HEC IU settee Ae exe Che Seales ge ira ews xT eae pounds 


Combustible per square foot of water-heating 
SIPS Wel AOU: ays cece Fle urge ncromous a alow Cekea pounds 


CALORIFIC VALUB OF FUBL. 
(Art. XVI, Code.) 


Calorific value by oxygen calorimeter, per pound 


OY RA a) Se eee a ee ey EE Sear 1s met Ae Of 
Calorific value by oxygen calorimeter, per pound 

of combustible. ...... (EL AR OA ate eae Br. 
Calorific value by analysis, per pound of dry 

Cody cero wie Cola Le ey ea Aa ee eee eee Boe ue 
Calorific value by analysis, per pound of com- 

WSU DLSs, isu tacts eng Se a eeteene Sane airs eae B. F.-U, 

QUALITY OF STEAM. 

Percentage of motsture in SteAM........... v3 Per Cent. 
Number of degrees of superheating...... Loy degrees 


Quality of steam (dry steam unity) 
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WATER. 
5%. Lotal weight of water fed to boiler ..........5 pounds 
58. Equivalent water fed to boiler from and at 
Pe hells 2 Wear aieee( aray  e eea eE co aa de pounds 
59. Water actually evaporated, corrected for quality 
DSR TNS se re REA, Lacing Aye WAGES aneee iia pounds 
RUS Ph aAeLon OL -eva por atin \. loch sc Sew. cerns we pounds 


61. Equivalent water evaporated into dry steam 
from and at 212° (Item 59 times Item 60)... .pounds 
WaTER PER Hour. 
62. Water evaporated per hour, corrected for quality 


GEST (ACK | 3 oe nee Vee ere nL, RD et pounds 
63. Lgutvalent evaporation per hour from and at 

Dea Map Sei oe tee dt aOR Agi eae tie ES pounds 
64. Lqutvalent evaporation per hour from and at 212° 

per square foot of water-heating surface...... pounds 


HORSEPOWER. 
65. Horsepower developed. (344 pounds of water 
evaporated per hour into dry steam from 


and at 212° equals 1 horsepower)......... horsepower 
OG, DULlAOrsS FAEZA MOF SELOWED wyiuc ope she gage horsepower 
6%. Percentage of builders’ rated horsepower 

developed YD, Bed in yo ce tee ee RD aie, 3 heh ty CveeeR Oe eee Okee TEKS r alter 


Economic RESULTS. 
68. Water apparently evaporated under actual con- 
ditions per pound of coal as fired. (Ltem 57 


HABA ITOSS MMU ES M25) ia ed oe TN a ea ae pounds 
69. Lgutvalent cvaporation from and at 212° per 
pound of coal as fired. (Item 61 divided by 


Bl BEDALE eg td RSS Bg es hel ok So) inate ol ale Pain SSM oy pounds 
* The factor of evaporation is to be computed here from the formula 
HI — t + 32 
dee 965.7 
steam, and ¢ = the feedwater temperature. The factor of evaporation 
thus calculated will differ slightly from that calculated by the formula 
in Art. 21, on account of the committee having taken 965.7 B. T. U. 
as the latent heat of steam at 212° instead of the more widely accepted 
value of 966.1 B. T. U. The difference in results due to this is but 
very slight. 


, where / = factor of evaporation, // = total heat of 
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equivalent evaporation from and at 212° per 
pound of ary coal. (Item 61 divided by 
BI eH eee MEAN OAT eras NER eee Cee N= pounds 
Equivalent evaporation from and at 212° per 
pound of combustible. (Item 61 divided by 
TEGHE BOG eon yee a eee eg ee oy te emer ar pounds 
(If the equivalent evaporation, Items 69, 70, 
and 1, is not corrected for the quality of the 
steam, the fact should be stated.) 


EFFICIENCY. 
(Ate AA, Code) 

Efficiency of the boiler; heat absorbed by the 

boiler per pound of combustible divided by 

the heat value of 1 pound of combustible... .per cent. 
Eficiency of bowler, tncluding the grate, heat 

absorbed by the bowler, per pound of ary coal, 

divided by the heat value of 1 pound of ary 

COE a hee ae EeN ents cone att ete Re eer pee per cent. 


Cost oF EVAPORATION. 


Cost of coal per tom of...... pounds delivered tn 
DOLET MOOS th onsen. Woe al o.d he aoe Oe ater s 

Cost of fuel for evaporating 1,000 pounds of water 
Wide OWSerVed COMGiblONS aoe ae aren colle: x 

Cost of fuel used for evaporating 1,000 pounds of 


CACTI OME MDI POEL cre Bas wo is ee her oe s 


SMOKE OBSERVATIONS. 


Percentage of smokeas observed... ....0n-. per cent. 
Weight of soot per hour obtained from 

SONGS AMIEREE airs, So.) eee cpeet stones Oomeeern se ae ounces 
Volume of soot per hour obtained from 

SINGS MStLChy, wart caer uli taka ae cubic inches 


MerHopDsS OF FIRING. 


Kinds of firing (spreading, alternate, or coking)...... 
mvetare thicknese on ties, ces aan ne one eee 
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82. Average intervals between firings for each furnace 
during time when fires are in normal condition...... 
83. Average intervals between times of leveling or break- 
MCN ayo as kc sated URE eA RS ORO rere 1 tlc a eS oan eset 


ANALYSES OF THE Dry GASES. 


Bao Carbormloxide (GO). crue Haake otis. pen cent. 
Gee CO Ree CNN (1G) |e cat net nsec ei ates atta Wat new ene? per cent. 
Sb... Carbon monomide (CO) aie cayuntwe. 2 a oe per cent. 
Sy. Elydrogen- and hydrocarbomse.2 14... per cent: 
bes- Nitrogen (by darerence (IN Io tessa es per cent. 


LOO percent: 


TABLE NO. 2. 


DATA AND RESULTS OF EVAPORATIVE TEST. 
ARRANGED IN ACCORDANCE WITH THE SHORT Form Ap- 
VISED BY THE BoiLer Test ComMITTEE OF THE AMERICAN 

SocieTy OF MECHANICAL ENGINEERS. CODE OF 1899. 


ace Wie fetes oe eet: IN sex eateetessker se ez Dame aes tans aces er. 
hOMGLATEIsINAING tare gers Mae perenne (ara een Ree eri een eine re reer awe 


Method of starting and stopping the test (‘‘standard”’ or 
PaciUchmane.: dunes, pa. vat Noth, KL OCG) ouceacseciee «tet Us, « enckaonns 
VEE We CRS EIN Gl IL Cam oat Tete AARP UPR rey ara square feet 
We ete  C ais iin os SHURE CBee nce ao4 eur traders areas square feet 
fOMUpie nerd S SUL MCE a2. 4cbpsyvaiece aate ns oepi ee Verena o ee square feet 


Loran Ouanprrims, 


Tem Walecol Chal yo gibianitgoteee is nals bw ninonee a aca te Nae s 
PMO eA AO NoekCUNe a) hes Ane ahh oe hawhann Pe aueaas fee hours 
cue mile an ae Med... Moe ao ale and ratarate wae pounds 
a Percemtagevor moisture in Coal... ee kor ene per cent. 
5. “Notalbweiehtormdry coal.consumed 5% J..2%.. pounds 
bee otal ac AiG DeLUS Sear. .5ra,. cebor endo a sinetan nna pounds 


”, Percentage of ash and refuse in dry coal......per cent. 
8. Total weight ot water, fed tothe boiler. ....... pounds 


12. 


iG, 
ie 
18. 
ils) 


20. 


24. 
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Water actually evaporated, corrected for mois- 

ture or superleat IW Stedmiass is 27h ee eke pounds 
Equivalent water evaporated into dry steam 

fei VENN: AEN L” AU ae, cavities cy sas Ba Ry es aha Witte abe Sere teeg eke pounds 

HourLy QUANTITIES. 

ry coalconsumed per our. Sc. < eis etc ee pounds 
Dry coal per square foot of grate surface per 

TOME Rene Roun ects ceeka tienes a ake «bee ea OUEVEls 
Water evaporated per hour, corrected for quality 

iE See eee nak tera sea nal Peak can hey Pace ae en pounds 
Equivalent evaporation per hour from and at 

ASA MPN I chee LOY Ek laeienah RSora eee a Oh Tre a RRO pounds 
Equivalent evaporation per hour from and at 

212° per square foot of water-heating sur- 

EN See ene et OL © para Paks he kate ther oe Le pounds 

AVERAGE PRESSURES, TEMPERATURES, ETc. 
oleam pressure hy vatiee.....0 pounds per square inch 
Temperature of feedwater entering boiler. ..... degrees 
Temperature of escaping gases from boiler. .... degrees 
Force of draft between damper and 

SOM SM ere ne eieiars cue ea ee Ante clans gio ee inches of water 
Percentage of moisture in steam, or 

number of degrees of superheat- 

TO oes Saumekeg ae Hee eee mee per cent; or degrees 

HORSEPOWER. 

Horsepower developed (Item 14 divided by 

os eis Sea Sulons yas Ooh Armes ee cnet e eee .... horsepower 
Builders *matedsihersepower)..c2 oats eens horsepower 
Percentage of builders’ rated horsepower devel- 

KOEI acohc Wieh cho eng e ere ee Ave ee en per cen. 


Economic RESULTS. 


Water apparently evaporated under actual con- 
ditions per pound of coal as fired. (Item 8 
CIVAchec! by CGR ethane teers Rie meaner ee pounds 
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25. Equivalent evaporation from and at 212° per 
pound of coal as fired. (Item 10 divided by 
MAIS anlart  Pacatherieac a esse g er Myc age Sak ed Wan raect ae a eee pounds 
26. Equivalent evaporation from and at 212° per 
pound of dry coal. (Item 10 divided by 
SITS it eat Si the gicrn alin cs See Geese OFS deals APRS oN ate pounds 
27. Equivalent evaporation from and at 212° per 
pound of combustible. [Item 10 divided by 
(iter amimtis RUCMI AGI A ec smc ns eee pounds 


(ii Ttems 25, 26, and 27 are not corrected for quality of 
steam, the fact should be stated.) 


EFFICIENCY. 
28. Calorific value of dry coal per pound......... Beh 
29. Calorific value of the combustible per 
PUCUUIAICD, Se ceceonan ear a ont ara nBnare, Puce Beh ah es. ct et Ag: 
30. Efficiency of boiler (based on combus- 
[SST OCS es ie Nene yO acta PACRS Cr ee NEE cen Fara ae re per cent, 


31. Efficiency of boiler, including grate (based on 
CUETO lacy wheres dene e cy cichnfte hort satoeT ere © x eiieter ty per cent. 


oy, (Cost of woalaper ton Ol- s,s pounds delivered 
Heda A Meter OBI, Unc cc ae seco cee BecE ee pee eon Pavers Mes aa $ 

33. Cost of coal required for evaporating 1,000 pounds 
OLAV er Ome Ame Bey. A eee Oot ae he $ 


WORKING UP THE DATA. 


43. The method of working up the data obtained during 
a boiler trial is shown by the following example: 


ILLUSTRATIVE ExampLe.—Given the following data ob. 
served during a boiler trial, required, to make the necessary 


calculations for economic evaporation and horsepower: 
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PIpaAtion OULESt 20.10 soenameme 10 hours. 
Average Gauge Pressure: ous. 72 pounds. 
Average temperature of feedwater 122° F. 
jPAontbavels) (one qeoreul, joiblimavevol 4 sa 45a one oe 15,232 pounds. 
Percemtare OF Aes! 14h aasacae eas t per cent. 
Wiater ted to bomletesemcamceen 3: 124,600 pounds. 
Average quality Of steamy c+ .0..4, O72 per Cent. 
ReiCednNOrsepOWel Agemscss ese 4 B00. 

CALCULATIONS. — Water evaporated = 124,600 x .972 


= 1711112 pounds. 

Water evaporated per pound of coal—actual conditions 
= 121, 111.2 15,232 = 7.95 pounds. 

Water evaporated per pound of combustible 


5 (LOO ay) 


11 Mido [ 15,2: 2X “ae = 121,111.2 + 14,546.6 


= 8.33 pounds. 

From the table, Art. 22, the factor of evaporation for the 
given pressure and temperature of feedwater is 1.1264. 

Hence, the equivalent evaporation from: and at 212° per 
pound of coal is 7.95 x 1.1264 = 8.96 pounds. 

The equivalent evaporation per pound of combustible is 
8.33 X 1.1264 = 9.38 pounds. 

The total equivalent evaporation from and at 212° F. per 
hour is 


121,117.2 x 1.1264 < 
: ) = 13,641.966 pounds, 


The horsepower is, therefore, 
13,641.966 lb. + 344 = 395.42 horsepower. 
The per cent. above rated capacity is 


(395.42 — 300) x 100 _ 
300 _ 


oleol pen Cetin 
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BOILER FEEDING. 


APPARATUS USED FOR BOILER FEEDING. 

1. A boiler may be fed by any one of three different 
classes of apparatus, and often two different classes of appa- 
ratus are used alongside of each other, one set of apparatus 
being held in reserve for emergencies. ‘The three classes of 
apparatus used are the following: (1) Pumps. A boiler 
feed-pump may be a hand pump, which is used only for very 
small boilers, or it may be a direct-acting steam pump, or 
an attached pump driven directly from the engine, or a belt- 
driven pump, etc. Under special conditions an electrically 
driven pump may be used. Pumps will not be considered 
here. (2) J/ujectors and inspirators. .These are steam- 
actuated devices. (3) Gravity-feed apparatus. Ina device 
of this kind, the feedwater flows into the boiler by gravity. 


INJECTORS. 


2. Introduction.—The injector is an apparatus for 
forcing the feedwater into a steam boiler. It was invented 
in 1858 by an eminent French scientist, Henri Giffard, and 
was introduced into the United States in 1860 by William 
Sellers and Company, of Philadelphia. 


5) 
aw 


$ 
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3. On investigating the action of the injector, it will be 
found that dry steam at a given pressure enters the appa- 
ratus, passes through several contracted passages, raises 
several check-valves, and then forces water into the boiler 
against a pressure equal to that which the steam had when 
it first began the operation. The steam, in forcing the water 
through the injector and into the boiler, gives up its heat 
and performs actual mechanical work as truly as though the 
steam acted on a piston and moved a pump plunger with it. 


4, Fundamental Principle of Action.—Before the 
action of an actual injector can be studied properly, it is 
necessary to have a clear understanding of the fundamental 
principle on which its action is based. This may be stated 
thus: 4 current of any kind, be it steam, atr, water, or other 
matter, by reason of friction has a tendency to induce a move- 
ment in the same atrection of any body with which it may 
come in contact. 

The steam entering an injector and moving with an 
extremely high velocity first carries the air inside the 
injector with it and thus creates a partial vacuum, causing 
the water to flow into it. The steam then imparts a portion 
of its velocity to the water and gives it sufficient momentum 
to throw open the check-valves and enter the boiler. By 
striking the cold mass of water, the heat and velocity of the 
steam will be greatly reduced, and it will be condensed at 
the same time. 


Fic. 1. 


id 


8. Essential Parts.—The essential parts of an injector 
are shown in Fig. 1, which does not represent an actual 
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injector, but serves to illustrate the combination of the 
essential parts by means of which the injector performs its 
function. Steam is admitted from the boiler through the 
steam pipe a; the chamber 0 connects to the water supply 
through the nozzle c. The tube d is called the combining 
tube ; the space ¢ is the overflow space ; the overflow is 
carried away by a pipe attached to the overflow nozzle ¢. 
The water passes through the check-valve 7 into the dis- 
charge pipe # and thence into the boiler. The check-valve 
may not be part of the injector itself, but it is an essential 
part of the installation. 


6. Action.—The action of the instrument is as follows: 
Steam is admitted through @ and flows through the nozzle 
with a high velocity, passes through the combining tube d 
and out through the overflow e and nozzle g. This current 
of steam carries the air in the chamber @ with it, thus form- 
ing a partial vacuum; the pressure of the atmosphere then 
forces water from the supply into the chamber and into the 
combining tube d@. Ind the steam and water are combined, 
with the result that the steam imparts a great deal of its 
velocity to the water and at the same time is condensed. 
This forms a jet of water that flows from the combining 
tube @ with such a high velocity that it passes over the over- 
flow ¢ and into the discharge pipe /, the energy in the water 
being great enough to overcome the pressure 1n the boiler. 
The water thus flows past the check-valve z into the boiler. 


%. Effect of Steam Supply.— When the injector is 
working properly, all the steam that is used to give the 
water its high velocity is condensed, thus leaving a steady, 
unbroken jet of water that flows across the space between 
the combining tube and the discharge pipe. If the water is 
too hot to condense the steam, or if there is so much steam 
that it is not all condensed in the combining tube, the steam, 
owing to its lightness, will not be carried into the boiler, 
but will flow out through e into the overflow space and be 
discharged from the overflow nozzle g. This escaping steam 
breaks the jet of water and interferes with the action of the 

H, S [1l.—32 
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instrument so much as to stop the flow into the boiler, and 
serves to show the engineer when there is too much steam 
admitted for the water that is used. When the supply of 
steam is too small, the velocity of the jet of water flowing 
from the nozzle is so small that its momentum is not suff- 
cient to carry it into the discharge pipe against the pressure 
in the boiler, and the water is therefore discharged through e 
and out of the overflow nozzle g. This shows the engineer 
that the supply of steam is too small. 


8. Temperature of Feedwater Delivered by an 
Injector.—The temperature at which water will be delivered 
to the boiler depends on the steam pressure and on the 
quantity of water being delivered per pound of steam, the 
feedwater temperature remaining constant. Thus, if an 
injector is worked at its maximum capacity with a steam 
pressure of 30 pounds, the temperature of the water deliv- 
ered to the boiler will be about 114° FP. 1f the pressure is 
200 pounds, the temperature of the injected water will be 
about 154° F. The temperature of the water delivered will 
increase as the capacity of the injector is cut down from its 
maximum to its minimum. ‘Thus, under 140 pounds steam 
pressure and working at its maximum capacity, an injector 
may deliver water at about 135° F.; while if the injector is 
cut down to its minimum capacity, the water would be 
delivered at about 250° F. Under ordinary working con- 
ditions the water is probably delivered at a temperature 
between 160° and 200° F. ; 

The highest temperature at which an injector will lift the 
feedwater decreases as the steam pressure under which the 
injector is working is zzcreased. At low steam pressures 
the injector may raise water at 125° or 130° F., while at 
140 pounds and upwards it is not safe to have the water 
much above 110° F. 


9. Effect of Steam Pressure on Water Delivered. 
The number of pounds of water delivered per pound of 
steam decreases as the steam pressure is zucreased. At 
30 pounds steam pressure, an injector may deliver from 
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20 to 25 pounds of water per pound of steam, while at 
140 pounds pressure it will deliver only about 13 pounds, 
and at 180 only about 11 pounds. 


10. Range of an Injector.—The term range, when 
applied to an injector, refers to the steam pressure at which 
it will start and the steam pressure at which it ceases to 
work. The range of an injector decreases with any increase 
in the distance that the water must be lifted, and also 
decreases with any increase in the temperature of the water 
supply. This is clearly shown in the following table pub- 
lished by the American Injector Company and referring to 
an injector manufactured by it. 


TABLE I, 


RANGE OF INJECTORS. 


Feedwater at 60°. | Feedwater at 75°. | Feedwater at 100°. 
Vertical 
me | Be) fe | Be] ee | we | es 
ret. | 2% | BZ | 23 | Be | 22 | Bz 
SB oO Oo oO ae oO o wv ao Oo oO 
go | ea | ae] ge | ak | €é 
2 15 155 G5 145 d() 120 
4 18 150 18 140 
6 20 142 
ie ee: 135 9 125 
10 30 125 30 115 35 90 
12 30 118 
14 40 110 
15 5O 85 45 70 
16 45 102 
18 50 90 
20 5d 85 5d res) 
22 dd 1 


11. The steam pressure-at which injectors of different 
makes will start varies somewhat, but the range between 
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the starting and stopping pressures with different injectors is 
practically the same. Most injectors will start on 25 pounds 
steam pressure, but some are made to start on 15 pounds. 


CONSTRUCTION OF INJECTORS. 

12. Classification of Injectors. — Injectors may be 
divided into two general classes, the zon-lifting and lifting 
injectors. They differ from each other, as implied by the 
name, in that the one class is capable of lifting the water 
from a level lower than its own, which the other class 
cannot do, 


13. Non-lifting injectors are intended for use where 
there is a head of water available, consequently they must 
be placed below the water level of the supply tank, if one is 
used. When the water comes to a non-lifting injector under 
pressure, as from a city main, it can be placed in almost any 
convenient position close tothe boiler. Non-lifting injectors 
resemble the hfting injector so much in their action that no 
description of them will be given 

14. Lifting injectors are of two distinct types called 
automatic and positive injectors. Since positive injectors 
generally have two sets of tubes, they are frequently called 
double-tube injectors. 


15. Automatic injectors are so called from the fact that 
they will automatically start again in case the jet of water 
is broken by jarring or other means. They are simpler in 
construction than double-tube injectors, and for a moderate 
temperature of feedwater supply and not too great a range 
in steam variation answer very well. They are very gen- 
erally used on stationary and portable boilers and traction 
engines, 

16. Positive, or double-tube, injectors are provided with 
two sets of tubes, one set of which is used for lifting the 
water, while the other set forces the water thus delivered to 
it into the boiler. A positive injector has a wider range 
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war 


than an automatic injector and will handle a hotter feed- 
water supply. It will also lift water to a greater vertical 
height than the automatic injector. 


1%. Automatic Injectors.—The construction of the 
Penberthy automatic injector is shown in Fig. 2. Steam 


Fic. 2. 


from the boiler enters the nipple I” and passes into the noz- 
zie RK and then into the conical combining tube S. In 
rushing past the annular opening between A and S it creates 
a partial vacuum and causes water to flow through /, filling 
the space surrounding the lower end of A and upper end 
of S. The nipple ?, which is shown at the right-hand side, 
is really situated inthe rear. At first the mingled steam 
and water, by reason of the water not having acquired suffi- 
cient momentum, do not flow to the boiler; but after the 
tube Y, the space surrounding it, and the feed-delivery pipe 
attached to the nipple 7 are filled, the mingled steam and 
water force the swing check-valve QY and pass through the 
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overflow 7. As soon as the jet of water passing through 
the combining tube has acquired sufficient momentum, the 
boiler check-valve is forced open and the water commences 
to enter the boiler. In consequence, no more water will 
enter the space around the lower end of S and the upper end 
of Y, and there being no pressure in this space, the overflow 
valve G will close. The overflow valve is kept closed by the 
atmospheric pressure on top of it, for while the injector is 
working steadily, there will be a partial vacuum in the space 
around S and Y. 


18. To start the injector, all that is required is to turn 
on the steam and water. If the steam supply is too great, 
steam will issue from the overflow; if the water supply is too 
great, water willissue. Should the jet of water be broken, 
1. €., tal to eriter the boiler, the overflow valve will lift and 
the mingled water and steam will come out of the overflow 
until the jet has acquired sufficient momentum to enter the 
boiler again, when the overflow valve will close for the rea- 
sans given in the preceding article. 


19. The automatically closing overflow valve is the dis- 
tinguishing feature of the automatic injector, and in some 
form or other is found in all instruments of this class. 


20. Fig. 3 is a sectional view of the Buffalo automatic 
injector, which differs considerably in its construction from 
the Penberthy, but which operates in practically the same 
manner. This injector needs no valves on the steam and 
water pipes, the steam admission valve being controlled by 
a handle a placed on the valve stem 4. With the valve and 
stem in the position shown, the injector is working. Steam 
passes through ¢ into a chamber surrounding the steam noz- 
zle d and through openings in the rear end of the nozzle 
into the latter. In rushing into the suction jet ¢, it carries 
the air in f with it, creating a partial vacuum there and 
causing water to flow through g This water, combined 
with the steam, enters the combining tube / and fills the 
boiler feedpipe, which is connected to the nipple z. At first 
the jet has not sufficient momentum to force the boiler 
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check-valve, and consequently the water flows through the 
annular opening between e¢ and / and, after lifting the over- 
flow valve &, out of the overflow 7 The speed of the jet 
gradually increases, and as soon as its momentum is sufh- 
cient, the jet forces the boiler check-valve and enters the 
boiler. The overflow valve & then closes automatically and 


the injector is working. 


21. If the jet should break from any cause, the water 
will lift the overflow valve and come out of the overflow, 
but as soon as the momentum is sufficient again, the water 
will enter the boiler once more and the overflow valve will 
close automatically. 


22. To stop the injector, the handle @ is turned so as to 
screw the valve stem inwards. The steam nozzle a, which is 
movable longitudinally, remaining at rest, the valve at the 
end of 0 first closes the central opening in the nozzle; then, 
as the motion of the handle continues, the nozzle and valve 
stem move forwards together until the conical seat on the 
nozzle sits on the steam-jet guide 7z, when steam is com- 
pletely shut off from the steam nozzle. To start the 
injector, the valve stem is slowly turned by means of the 
handle a, which first opens the central opening of the nozzle, 
and then, as the nozzle moves backwards with the valve 
stem, the other openings of the nozzle also admit steam 
and the injector starts. 


23. Double-Tube Injectors.—Fig. 4 shows the Han- 
cock inspirator, which is one of the earliest types of a 
double-tube injector. The term ‘‘inspirator”’ applied to it 
is merely a trade name. Steam from the boiler enters 
through the pipe @ and flows through the steam nozzle x 
into the combining nozzle 0, thereby causing water to flow 
up the pipe @ into the lifting side of the instrument. The 
water then passes in the direction of the arrows to the for- 
cing side of the instrument, entering at the top of the 
forcing tube s, where it is met by a jet of steam flowing 
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through the forcing steam nozzle 7 and is further heated and 
given an increased 
velocity. It then 
passes through the 
pipe c to the boiler. 


24, In order to 
Start the ~~ astru- 
ment, the valve v 
must be closed and 
the overflow valves z 
and  ~ “opened. 
Next, the water 
valve @ and then 
the steam valve e¢ 
are opened, when 
the steam will rush 
through 2, 0, z, and 
w and out of the 
overflow until it 
creates a sufficient 


vacuum on the left, 
or lifting, side to 


cause the water to 
flow up, which will 
then discharge out 
of the overflow. As 
soon as the water Fic. 4. 

appears, the valve z must be closed and the valve wv opened. 


Immediately thereafter the overflow valve w is to be closed, 
when the inspirator will be working. To stop the injector, 
the valves e and v must be closed and z and w opened. 


25. The Korting universal double-tube injector is 
shown in elevation in Fig. 5 (az) and in section in Fig. 5 (6). 
This injector, in common with the majority of double-tube 
injectors, contains a mechanically operated overflow valve, 
which is closed by the act of starting the injector to feed 
the boiler. In this injector the lower nozzles constitute the 


Al 
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lifting apparatus that delivers the water to the upper noz- 
zles, where it is given sufficient velocity to enter the boiler. 
Steam enters at a and the water enters at 4; the overflow d 
is closed by the valves on the stem c, and the water passes 
to the boiler through ¢. The steam nozzles f and ¢ are 
closed by valves connected by means of the yoke har / to 
the starting shaft 7. 


26. The operation of the injector is as follows: The 
starting handle # being in the position shown, the overflow 
valves are wide open, but the nozzles f and g are closed by 
their respective valves. The steam- and water-admission 
valves are now opened and the handle /is pulled over gently 
towards the position shown in dotted lines. This causes the 
starting shaft zand the yoke bar # to move in the same 
direction as the handle, and consequently the valves closing 
the nozzles fand ¢ are opened. At the same time the over- 
flow valves are closed slightly, the starting shaft being con- 
nected to the overflow-valve stem by links /, bell-cranks mz, 
and links z. The bell-cranks have their fulcrum ato. The 
steam rushing through the lower nozzle ¢ creates a partial 
facuum in the water-supply pipe and causes the water to 
flow up, which is then delivered into the chamber / and 
passes out of the overflow. Some of the water in / will pass 
to the nozzle f and will deliver into the chamber g and 
thence into the overflow. In a very short time the water 
will be flowing freely from the overflow, and the handle is 
then pulled over as far as it will go, this operation opening 
the steam-nozzle valves to their full extent and at the same 
time closing the overflow openings of the chambers / and g. 
The injector is now working, the check-valve 7 being forced 
open. 


2'¢. Since the overflow outlet is positively closed, the 
effects of too much steam or water cannot manifest them- 
selves by either fluid coming from the overflow. The effect 
of too much water will be the stopping of the injector, which 
can be told by the absence of vibration in the feed-pipe and 


the comparatively low temperature of the injector. Too 
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much steam manifests itself by the heating of the injector 
and failure to work; the remedy is either to reduce the 
steam supply or to increase the water supply, as the heating 
shows that the steam is not being condensed. These state- 
ments apply to all injectors having positively closed over- 
flows, i. e., overflow valves so constructed that they cannot 
lift automatically when the injector fails to force the water 
into the boiler. 

28. The Monitor lifting injector shown in Fig. 6 
occupies an intermediate position between the single-tube 
and double-tube injectors, for while it has two sets of tubes, 


M a, NS 


To Boiler 


the one set is used in starting the injector, but is thrown 
out of action as soon as the injector is working. Steam 
enters the injector at /; the water enters at P/ and passes to 
the boiler through the nipple .V; the overflow is at OQ. 


29. The operation is as follows: The water-admission 
valve / is first opened by turning the hand wheel IV; the 
primer valve AX is then opened by the handle ./, thus per- 
mitting steam to flow through the passage / and a connec- 
tion, not shown in the figure, to the nozzle 7. From w the 
steam rushes into the overflow nozzle O, this nozzle in con- 


junction with the nozzle w forming the lifting part of a 
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double-tube injector. A passage connects the chamber sur- 
rounding # with the space above the overflow valve 4. The 
jet of steam rushing from w through O carries with it some 
of the air in the chamber to which O is connected, thus 
forming a partial vacuum in the space above the overflow 
valve, which opens and thus allows the air in D, C, G, H, 
K, 7, and P to be exhausted. The pressure of the atmos- 
phere now forces the water up into the injector, and it finally 
appears at the overflow. As soonasthis happens, the valve X 
is closed, which throws the priming part of the injector out 
of action. The steam valve 4 is now opened by turning the 
wheel S, which admits steam to the nozzles of the injector 
proper. At first the water will come out of the overflow, but 
as soon as the velocity has become high enougn, it will enter 
the boiler, the overflow valve Z closing automatically. 


30. Exhaust-Steam Injectors.— The injectors de- 
scribed in Arts. 17 to 29 are intended to use live steam; 
there are injectors in the market, however, that make use 
of exhaust steam. Their principle of action is the same as 
that of live-steam injectors, from which they differ only in 
the relative ‘proportion of the nozzles. Injectors designed 
to be used with exhaust steam generally will not work 
against boiler pressures exceeding 75 pounds; there are 
so-called high-pressure exhaust-steam injectors in the 
market, however, in which live steam can be introduced in 
order to adapt the exhaust injector to high boiler pressures. 


31. Since exhaust steam is available only when the 
engine is running, it is necessary to furnish an exhaust 
injector with a live-steam connection in order that it may 
be used when the engine is not working. The live steam is 
throttled so that it will enter the injector at about the 
pressure of the exhaust steam. The mere addition of a 
live-steam connection will zo¢ convert an exhaust injector 
into a high-pressure exhaust injector, nor will an exhaust 
injector work when supplied with steam at full boiler pres- 
sure. Likewise, an injector designed to work with full boiler 
pressure will not work with exhaust steam. 
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DETERMINING SIZE OF INJECTORS. 

32. Most engineers prefer to select a size of injector 
having a capacity per hour about one-half greater than the 
maximum evaporation per hour in order to have some 
reserve capacity. The maximum evaporation, when not 
known, may be estimated in gallons by one of the following 
rules, which hold good for ordinary combustion rates under 
natural draft: 


Rule 1.—/or plain cylindrical boilers, multiply the prod- 
act of the length and diameter in feet by 1.3. : 


Rule 2.—For tubular botlers, etther horizontal or vertical, 
multiply the product of the square of the diameter in feet 
and the length in feet by 1.9. 


Rule 3.—Ffor water-tube boilers, multiply the heating sur- 
face in square feet by .4. 

Rule 4.—For boilers not covered by the foregoing rules, 
multiply the grate surface in square feet by 12. 


Rule 5.—/f the coal consumption in pounds per hour ts 
known, it may be taken as representing the number of gallons 
evaporated per hour. 


As there is no standard method of designating the size of 
an injector that is followed by all makers, such an instru- 
ment must be selected from the lists of capacities published 
by the different makers. 


INJECTOR INSTALLATION. 

33. An injector must always be placed in the position 
recommended by the maker, for the reason that some injec- 
tors will work well only in one position. There must always 
be a stop-valve in the steam-supply pipe to the injector, 
which should, for convenience, be placed as close to the injec- 
tor as is possible. While lifting injectors, when working 
as such, scarcely need a stop-valve in the suction pipe, it is 
advisable to supply it. When the water flows to the injec- 
tor under pressure, a stop-valve in the water-supply pipe is 
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a necessity. A stop-valve and check-valve must be placed 
in the feed-delivery pipe, with the stop-valve next to the 
boiler. The check-valve should never be omitted, even 
though the injector itself is supplied with one. No valve 
should ever be placed in the overflow pipe, nor should the 
overflow be connected directly to the overflow pipe, but a 
funnel should be placed on the latter so that the water can 
be seen. This direction does not apply to the inspirator or to 
any other injector that has a hand-operated, separate over- 
flow valve. In the inspirator the overflow pipe is connected 
directly to the overflow, but the end of the pipe must be 
open to the air. In general, where the injector lifts water 
it is not advisable to have a foot-valve in the suction pipe, 
as it is desirable that the injector and pipe may drain itself 
when not in use. It is a good idea to place a strainer on 
the end of the suction pipe. 


34, The steam for the injector must be taken from the 
highest part of the boiler, as it is essential to the successful 
working of the injector that it be supphed with dry steam. 
Under no consideration should the steam be taken from 
another steam pipe; the injector should always have its own 
independent steam-supply pipe. The suction pipe should 
be as straight as possible and must be absolutely air-tight. 
A very important consideration in connecting up an injec- 
tor is to have the pipes cleaned by blowing them out with 
steam before making the conrection, since quite a small bit 
of dirt,getting into the injector will interfere seriously with 
its working. It is recommended to always so locate the 
injector that the steam pipe, suction pipe, and feed-delivery 
pipe will be as straight and as short as possible. 


35. In some cases, especially with horizontal boilers 
without a dome, it is advisable to use a so-called supple- 
mentary dome, which is simply a vertical piece of, say, 
2-inch pipe about 12 to 18 inches long; the injector steam 
pipe is then connected to the top of this supplementary 
dome, 
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INJECTOR TROUBLES. 


36. In discussing the difficulties experienced with injec- 
tors, the suction pipe, strainer, feed-delivery pipe, and 
check-valve are considered as parts of the injector, since a 
disorder in any of these affects the work of the injector 
itself... In searching for the cause of a trouble, therefore, 
the suction and delivery pipes should be carefully inspected 
as well as the injector. 

3%. Failure to Raise Water.—The causes that pre- 
vent an injector raising water are: 

1. Suction Pipe Stopped Up.—This is due, generally, toa 
clogged strainer or to the pipe itself being stopped up at 
some point. This prevents water from coming through 
and is probably the most frequent cause of an injector not 
priming. 

In case the suction pipe is clogged, blow steam back 
through the pipe to force out the obstruction. 

2. Leaks in Suction Pipe.—When this is the case, air 
enters and prevents the injector forming the vacuum 
required to raise the water. To test the suction pipe for 
air leaks, plug up the end and turn the full steam pressure 
on the pipe. The presence of leaks will then be revealed by 
the steam issuing therefrom. To get steam into the suction 
pipe, the overflow valve must be held to its seat in some 
convenient way, or the overflow must be closed tight in 
some manner. It is advisable to have the suction pipe full 
of water before steam is turned on, since the presence of 
small leaks will be revealed better by water than by steam. 
After testing, do not forget to clear the overflow and the 
end of the suction pipe. 

3. Water tn the Suction Pipe Too Hot.—In case the feed- 
water supply is taken from a barrel or tank and the supply 
is cool under normal conditions, a leaky steam valve or 
leaky boiler check-valve and leaky injector check-valve may 
be the cause of hot water or steam entering the source of 
supply and heating the water so hot that the injector refuses 
to handle it. 
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The reason why hot water in the suction pipe affects the 
operation of the injector is as follows: The pressure at 
which water boils depends on the pressure to which it is 
subjected. It has been determined by experiment that 
water will boil at about 380° F. under a gauge pressure of 
180 pounds; at 212° F. when subjected to an atmospheric 
pressure of about 14.7 pounds per square inch; and at about 
160° F. when in 10 inches of vacuum. This shows us that 
decreasing the pressure on the water lowers its boiling point. 
Now, when the lifting jet of an injector is turned on, a 
vacuum is formed in the suction pipe; and if the water there 
is ata temperature of 160° to 175° F., it gives off steam 
vapor, which fills the suction pipe and destroys the vacuum. 

In case the water is too hot, cool it in any convenient 
manner and at the first opportunity trace out the cause and 
remove it. When the water in the suction pipe is very hot, 
but the water in the source of supply is cool, hold the over- 
flow valve to its seat in any convenient manner or plug the 
overflow and open the steam valve. The steam pressure 
will then force the hot water out of the suction pipe. Open 
the overflow valve or overflow as soon as this has been done; 
the cool water entering the suction pipe should now be 
raised easily. Hot water in the suction pipe only is most 
likely due to a choked overflow. 

4, Obstruction tn Tubes.—There may be an obstruction 
in the lifting or combining tubes, or the, spills (or openings) 
in the tubes through which the steam and water escape to 
the overflow may be clogged up with dirt or lime. In either 
case, the free passage of the steam to the overflow will be 
interfered with, and, consequently, a steam pressure instead 
of a vacuum will be formed in the suction pipe, the extent 
of the pressure depending on the amount of obstruction. 


38. Injector Primes, But Will Not Force.—In some 
cases an injector will lft water, but will not force it into the 
bowlers or it may force part of it into the boiler and the 
rest out of the overflow. When it fails to force, the trouble 
may be due to one or the other of the following causes: 


H, S. I11,—33 
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1. Choked Suction Pipe or Strainer.—lf the suction pipe 
or the strainer is partially choked, the injector, in either 
case, will be prevented from lifting sufficient water to con- 
dense all the steam issuing from the steam valve. The 
uncondensed steam, therefore, will gradually decrease the 
vacuum in the combining tube until it is reduced so much 
that the injector will break. It is to be remembered that 
when the injector is operating, it is the vacuum zz the com- 
bining tube that causes the water to be raised. 

The remedy in case the supply valve is partially closed is 
obvious. In the case of choked suction pipe, blow out the 


obstruction. 


2. Suction Pipe Leaking.—The leak may not be sufficient 
to entirely prevent the injector lifting water, but the quan- 
tity lifted may be insufficient to condense all the steam, 
which, therefore, destroys the vacuum in the combining 
tube. A slight leak may exist that will simply cut down 
the capacity of the injector. In such a case an automatic 
injector will work noisily, on account of the overflow valve 
seating and unseating itself as the pressure in the combining 


tube varies, due to the leak. 


3. Bowler Check-Valve Stuck Shut.—lf completely closed, 
the injector may or may not continue to raise water and 
force it out of the overflow—it depends on the design of the 
injector. 

If the boiler check is partly open, the injector will force 
some of the water into the boiler and the remainder out of 
the overflow. In case the check-valve cannot be opened 
wide, water may be saved by throttling both steam and 
water until the overflow diminishes, or, if possible, ceases. 
The steam should be throttled at the valve in the boiler 
steam connection, however, and not at the steam valve of 
the injector, as throttling tends to superheat the steam, and 
an injector will not work as satisfactorily with superheated 
steam as with saturated steam. By throttling the steam at 
the boiler, the excess of heat due to this throttling will be 
lost before the steam reaches the injector. 
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If a check-valve sticks, it can sometimes be made to work 
again by tapping /zg///y on the cap or on the bottom of the 
valve case. 

4. Obstruction tn Delivery Tube.—Any obstruction in 
the delivery tube, such as cotton waste, scale, or coal, will 
cause a heavy waste of water from the overflow. Toremedy 
this, the tube will probably have to be removed and cleaned. 

5. Leaky Overflow Valve.—This not only diminishes the 
capacity of the injector, but it allows air to be drawn into 
the boiler; and if the leak is sufficiently great, it will 
destroy the vacuum in the combining tube and prevent the 
injector operating. <A leaky overflow valve is indicated by 
the boiler check chattering’ on its seat. To remedy this 
defect, grind the valve on its seat until it forms a tight joint. 

6. TSrjector Choked With Lime.—lIt is essential to the 
proper working of an injector that the interior of the tubes 
should be perfectly smooth and of the proper bore. As in 
course of time they lime up, the capacity of the injector 
decreases until, finally, it refuses to work at all. If the 
water used is very bad, it becomes necessary to frequently 
cleanse the tubes of the accumulated lime. This may be 
accomplished by putting the parts in an acid bath, allowing 
the acid to remove the scale. The bath should consist of 
1 part of muriatic acid to 10 parts of water. The tubes 
should be removed from it as soon as the gas bubbles cease 
to be given off. The acid combines with the lime and forms 
a gas, and as long as there is lime to combine with, it will 
not attack the copper inthe tubes, After the lime has all 
combined, however, the acid will attack the tubes, with the 
result that the inner surface will become pitted and rough, 
which will affect the working of the injector. 


ADVANTAGES AND DISADVANTAGES. 
39. The advantages of the injector as a boiler feeding 
apparatus are its cheapness, as compared with a pump of 
equal capacity; it occupies but little space; the repair bills 
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are low, owing to the absence of moving parts; no exhaust 
piping is required, as with a steam pump; it delivers hot 
water to the boiler. The disadvantages of the injector are 
that it will not start with a steam pressure less than that for 
which it is designed, and that it will stand but little abuse, 
being poorly adapted for handling water containing grit or 
other matter liable to cut the nozzles. 


ECONOMY OF INJECTOR. 


40. Such economy as is derived from the use of an 
injector is not chargeable to its economy in the use of 
steam, for it uses as much steam as a fairly good steam 
pump, but rather to the fact of the fundamental principle 
of its operation insuring the delivery of hot feedwater to 
the boiler. The introduction of hot feedwater has a marked 
effect upon the repair bills and tends to increase the life of 
a boiler by reason of the diminishing of the stresses inci- 
dental to expansion and contraction. 


GRAVITY-FEED APPARATUS. 


41. When the water supply has a pressure sufficient to 
elevate it a few feet above the boiler, or when the source of 
supply is located above the boiler, a gravity feed may be 
made use of, dispensing with pumps or injectors. 


42, The simplest form of a gravity-feed apparatus con- 
sists of a closed vessel placed about 6 feet above the boiler 
and connected at the top by a steam pipe to the boiler, while 
at the bottom it connects to the feedpipe. A pipe also con- 
nects the closed vessel to the source of supply. In opera- 
tion, the vessel is first nearly: filled with water, and steam 
from the boiler is then admitted on topof the water, thus 
submitting it to the full boiler pressure. Then, by reason 
of the vessel being elevated above the boiler, there is suffi- 
cient hydrostatic head for the water to flow into the boiler. 
Since the water is in direct contact with live steam, it will 
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be heated to a fairly high temperature. Whenever the 
vesselis empty, the steam is shut off and water run in again, 
when the operation can be repeated. 


43. A more elaborate gravity-feed system uses a steam 
trap and has the advantage of an automatic refilling of the 
trap and, consequently, fairly constant feed, which is adjust- 
able to suit the demand. This system is almost invariably 
used to return the water of condensation from steam-heating 
systems to the boiler, and when not thus employed may be 
used for feeding water coming from some other source. 


44, Fig. 7 illustrates the Bundy steam trap, which is 
largely used for gravity-feed systems. The trap consists of 
a body a that receives 
the water and _ that 
is pivoted at 6 andc 77 Sa 
to the stationary part /ge/) 


ob -the- trap: ihe > \! 

water enters the trap Uf), ® a * 
atdandfillstheparta WA a ll we 

until the weight of ) . ~~ 6 
the contained water Keb ~ 

is sufficient to over- Bi 
balance the weight @, \\ \ I) dhe 
when a sinks down- tc. ws 


wards until it comes 
against the guide g. 
This downward mo- 
tion causes the lug ¢ to engage the upper nuts of the steam 
valve f, opening the latter and at the same time closing a 
small air valve placed below f, thus admitting steam at full 
boiler pressure on topof the water, which now flows to the 
boiler by gravity, being able to enter the latter by reason of 
its hydrostatic head. As soon as the trap is emptied enough, 
the weight ¢ pulls the trap body to its upper position again, 
which closes the steam valve and allows air to enter the trap 
body. The operation is now repeated. 


Pie. t. 
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45, The piping up of a gravity-feed system using the 
Bundy trap is shown in Fig. 8. In case of a heating or 
steam-pipe drainage system, the different drains lead toa 
receiver a, whence the water passes to the trap d@ through 
the pipe 6 and check-valve c. The feedwater leaves the 


FIG. 8. 


trap and passes to the boiler through the feedpipe ¢, the 
check-valve f, and the globe valve g. The check-valve c 
prevents the water or live steam in the trap blowing back 
into the receiver, while the check-valve f prevents the water 
in the boiler backing up into the trap. Steam isadmitted to 
the trap through the pipe 2; a vent pipe 7 is usually attached 
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to the air valve and conveys the steam left in the trap after 
itis emptied of water to the ash-pit. 


46. When no water of condensation from a heating 
system is available, or when that supply is insufficient, a 
connection may be made to a water-service pipe, arranging 
the pipe connections and valvesin such a manner that water 
may be taken at will from either source of supply, in case 
there is more than one. When there is not sufficient water 
pressure available to make the water enter the trap on top 
of the boiler, a trap may be placed at the point where water 
will flow into it. This trap may then be made to discharge 
into another one placed on top of the boiler, using steam 
from the boiler as a motive force. 


AUTOMATIC FEEDWATER REGULATION. 


4%. It has long been recognized that it is desirable to 
keep the water level in the boiler steady, this being con- 
ducive to a steady steam pressure and incidental economy in 
the use of fuel. There are a number of devices in the 
market that control the steam-supply valve of a pump or 
injector or the feedpipe valve in such a manner that water 
will be supplied to the boiler at the same rate at which it is 
evaporated, thus keeping the water level steady. Inciden- 
tally, these devices tend to prevent the water becoming low 
enough to be dangerous or high enough to be carried over 
to the engine. 


48, Fig. 9 shows the Vigilant feedwater regulator. 
It consists essentially of a water column @ carrying on top 
an oscillating hollow lever 6 pivoted at its center and carry- 
ing a hollow sphere c at one end and a counterweight d@ at 
the otherend. The sphere ¢ is in communication with the 
inside of the water column through the hollow lever 4, its 
trunnions, a passage in the yoke ¢, and a pipe / extend- 
ing inside the column down to the normal water level. A 
so-called condenser gis in communication with the water 
column and has a valve /# in the pipe z leading to the 
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regulator valve #, which, in case of a pump, is placed in the 
feed-delivery pipe, and in case of an injector, in the steam 
pipe. A relief valve / relieves the pressure in the pipe z 
whenever it is opened. The valves % and / are opened 
through collars on the lever 6 coming into contact with the 


; : 


=I 


Fic. 9, 


valve stems. The regulator valve £ has a large diaphragm 
in its upper part, which is connected to the stem of the 
valve, and when the valve / is open, is subjected to practically 
the full boiler pressure, which tends to close the regulator 
valve. 
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49. The operation is as follows: when the water in the 
boiler has sunk enough to uncover the lower opening of the 
pipe f, the sphere c is filled with steam, and the balance 
weight @ holds the lever 6 in the position shown, in which 
the relief valve /is forced open. There being no pressure 
on the back of the regulator valve, the pressure in the feed- 
pipe holds it open and the water enters the boiler until the 
water in the column seals the mouth of the pipe 7 Water 
is now forced through /, ¢, and 4 into c until the weight of 
the water in ¢ is sufficient to overbalance the weight d, 
when the lever oscillates to a horizontal position, and in so 
doing closes the relief valve / and opens the pressure valve /. 
The diaphragm in / is now subjected to the full boiler pressure 
and the valve in the regulator closes, thus shutting off the 
feed, which remains closed until the water level in the col- 
umn has again sunk below the mouth of #7 Steam then 
enters c and allows the water to drain out of it; in conse- 
quence, the weight @ soon pulls the lever @ to its inclined 
position, which opens the relief valve / and closes the pres 
sure valve /, thus relieving the pressure on top of the dia- 
phragm, The pressure in the feedpipe now opens the 
regulator valve and water again enters the boiler. 


FEEDWATER PROBLEMS. 


INCRUSTATION IN GENERAL. 


IMPURITIES FOUND IN FEEDWATER. 


50. Inecrustation is a deposit that is formed on the 
plates and tubes of a boiler; it is caused by impurities in 
the water that are left behind in the boiler. 

If the water used in a boiler were perfectly pure there 
would be, of course, no trouble from incrustation. Unfor- 
tunately, however, in passing through the soil, water dis- 
solves certain mineral substances, the most important of 
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which are carbonate of lime, which is the same thing as lime- 
stone or marble, and sulphate of ime, which is the same as 
plaster of Paris. Other substances frequently present in 
small quantities are chloride of sodium (common salt) and 
chloride of magnesium. It also often contains other trouble- 
some substances. 


51. Carbonate of lime will not dissolve in pure water, 
but will dissolve in water that contains carbonic-acid gas. 
It becomes insoluble and is precipitated in the solid form 
when the water is heated to about 212°, the carbonic-acid 
gas being driven off by the heat. 


52. Sulphate of lime dissolves readily in cold water, 
but not in hot water. It precipitates in the solid form when 
the water is heated to about 290°, corresponding to a gauge 
pressure of 45 pounds. 


53. Chloride of sodium will not be precipitated by the 
action of heat unless the water has become saturated with 
it. Since it generally is present in but very small quantities 
in fresh water, it will take a very long time for the water in 
a boiler to become troublesome, and with the ordinary blow- 
ing down of a boiler once a week or every 2 weeks, there is 
little danger of the water becoming saturated with it. Con- 
sequently, it is one of the least troublesome scale-forming 
substances contained in fresh water. 


54. Chloride of magnesium is one of the worst impu- 
rities in water intended for boilers, for while not dangerous 
as long as the water is cold, it makes the water corrosive 
when heated, and when present in large quantities, it 
becomes dangerously corrosive, attacking the metal of the 
boiler and rapidly corroding it. 

55, Carbonate of magnesia and sulphate of magne- 


sia are not very troublesome constituents of feedwater. 


56. Organic matter by itself may or may not cause 
the water to become corrosive, but will often cause foaming; 
when it is present in small quantities in water containing 
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carbonate or sulphate of lime, or both, it usually serves to 
keep the deposits from becoming hard. 


5%. Earthy matter, like organic matter, is not dissolved 
in the water, but is in mechanical suspension. It is very 
objectionable, especially when the earthy matter is clay, and 
when other scale-forming substances are present, is liable to 
form a hard scale resembling Portland cement. 


58. Acids, such as sulphuric acid, nitric acid, tannic 
acid, and acetic acid, are often present in the feedwater. 
The sulphuric acid is the most dangerous one of these acids, 
attacking the metal of which the boiler is composed and cor- 
roding it very rapidly. The other acids, while not so violent 
in their action as the sulphuric acid, are also dangerous, and 
water containing either one should be neutralized when it 
must be used. 


FORMATION OF SCALE. 


59. The small solid particles, due to precipitation of 
substances in solution or matter in mechanical suspension, 
remain for a time suspended in the water, especially the 
carbonate of lime that for some time after precipitation 
floats on the surface of the water. These particles will 
gradually settle on the plates, tubes, and other internal sur- 
faces. A large part of the impurities will be carried by the 
circulation of the water to the most quiet part of the boiler 
and there settle and form a scale. In a few weeks, if no 
means of prevention are used, the inner parts of the boiler 
will be covered with a crust from ;', to $ inch in thickness. 


60. A scale 2, inch or less thick is thought by many to 
be an advantage, since it protects the plates from the cor- 
rosive actions of acids in the water. When, however, the 
scale becomes + inch thick or more, heat is transmitted 
through the plates and tubes with difficulty, more fuel is 
required, and there is danger of overheating the plates. No 
reliable tests have ever been made as to the loss in efficiency 
due to different thicknesses of scale, and while it is generally 
admitted that there is some loss, its magnitude is believed 
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by many of the best engineers to be comparatively small. 
The chief danger from a heavy incrustation is the danger of 
overheating the plates and tubes; it also prevents a proper 
examination of the inside of the boiler, since it may hide a 
dangerously corroded piece of plate or a defective rivet head 
that would otherwise be discovered. Incrustation in many 
cases has led to danger and disaster by stopping up the 
feedpipe, the blow-off pipe, or the connections to the gauge 
glass. 

. The carbonate of lime forms a soft, muddy scale, which 
when dry becomes fluffy and flour-like. This scale may be 
easily swept or washed out of the boiler by a hose, provided 
it is not baked hard and fast. A carbonate scale is much 
harder to deal with when grease is allowed to enter the 
boiler. The grease settles and mixes with the floury scale, 
making a spongy crust that remains in contact with the 
plates, being too heavy to be carried off by the natural cir- 
culation of the water. Very many cases of overheated and 
burned plates are the direct result of allowing grease or 
animal oil to enter the boiler. 

The sulphate of lime forms a scale that soon bakes to the 
plates. In addition to the scales above mentioned, a large 
amount of mud and earthy matter may be deposited by the 
use of dirty or muddy water. 


REMOVAL OF INCRUSTATION. 


61. When incrustation has once been formed, it cannot 
very readily be dissolved again by any chemicals, although 
some substances seem to soften and aid in detaching it. 
Of these, kerosene oil has met with much favor. Its action 
appears to be mechanical rather than chemical, the oil pene- 
trating or soaking through the scale and softening and 
loosening it. It is somewhat useful, too, in preventing 
the formation of a scale, enveloping the fine particles of the 
scale-forming substances that, after precipitation, first float 
on the surface of the water for a little while. It seems that 
this prevents the particles from adhering firmly to one 
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another and to the metal when they finally settle. Engi- 
neers are divided in their opinion as to whether kerosene will 
not do more harm than good, many granting its efficiency 
as a preventative agent and its assistance in softening and 
loosening scale, but claiming that it leaves the metal 
entirely unprotected and thus permits of pitting and cor- 
rosion. 

62. A hard scale once formed is generally removed by 
chipping it off with scaling hammers and scaling bars; soft 
scale can be largely removed during running by a periodic 
use of the bottom and surface blow-off, and the remainder 
can usually be washed out and raked out when the boiler is 
blown out and opened. In order to prevent the scale-form- 
ing substances deposited on the metal baking hard, it is 
advisable to let the boiler cool down slowly until entirely cold 
preparatory to blowing off, whenever circumstances permit 
this to be done. This cooling down process will generally 
take from 24 to 36 hours. 


63. Mud and earthy matter by itself will not form any 
hard scale, but will often do so when carbonate of lime and 
sulphate of lime are present. An accumulation of such 
matter can be prevented, and most of the matter present 
can be removed, by a periodic use of the bottom blow-off, 
removing the remainder whenever the boiler is opened. 


PREVENTION OF INCRUSTATION AND CORROSTON. 


64. Incrustation can best be prevented by purifying the 
feedwater prior to entering the boiler, and can be fairly 
satisfactorily prevented by a chemical treatment of the 
water in case purification prior to the water entering the 
boiler is not resorted to. When the water contains large 
quantities of substances that float on the surface, mechan- 
ical means may be resorted to, using either the surface 
blow-off at frequent intervals or some equivalent skimming 
device. Corrosion is prevented by neutralizing the corro- 
sive acids by an alkali; corrosion due toa perfectly fresh 
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TABLE It. 


SCALE-FORMING SUBSTANCES AND THEIR REMEDIES. 


Troublesome Substance. Trouble. Remedy or Palliation. 
Sediment, mud, clay, Filtration. 
Incrustation. : . 
etc, Blowing-off. 
Readily soluble salts.| . Incrustation. Blowing-ofE. 
> | Eteatine feed: 
Bicarbonates of lime, Addition of caustic 
ar Incrustation. ; i 
magnesia, 1ron. soda, lime, or 
magnesia. 


Addition of car- 
Sulphate of lime. Incrustation. bonate of soda or 
barium chloride. 


: Additi f = 
Chloride and sulphate ee 


: Corrosion. bonate of soda, 
of magnesium. 
GUC, 
Carbonate of soda in ee | Addition of | bari- 
Priming. ; 
large amounts. um chloride. 
Acid (in mine water). Corrosion. Alkali. 
Heating feed. 
Dissolved carbonic : Addition of caustic 
: Corrosion, 
acid and oxygen. soda, slaked 


lime, sete: 


Slaked lime and 


: : filtering. Car 
Grease (from con- 


densed water) Corrosion. bonate of soda. 
sed water). : 
Substitute mineral 
oil. 


Precipitate with 
Priming, alum or chloride 
of iron and filter. 


Organic matter 
(sewage). 


Organic matter. Corrosion, Same as last. 
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water can be prevented by giving a protective coating to 
the metal, which may be a thick red-lead paint made up 
with boiled linseed oil, or a thin coating of scale. 


65. Sometimes organic substances containing tannic 
acid, such as oak bark, hemlock, or sumac, are used to loosen 
or prevent scale. They are liable to injure the plates by 
corrosion and hence should not be used. 


66. Table II gives a list of troublesome scale-forming 
substances and their remedies. 


6%. Zine is largely used in marine boilers for the pre- 
vention of both incrustation and corrosion. The scale may 
acquire thickness and hardness, but can easily be removed 
from the plates. It is supposed that the zine in connection 
with the iron of the plates keeps up a feeble galvanic action, 
and that the hydrogen liberated at the surface of the plate 
by this action prevents the incrustation from adhering to it. 
The zinc is distributed through the boiler in the form of 
slabs. About 1 square inch of zine surface should be sup- 
plied for every 50 pounds of water. 


PURIFICATION OF FEEDWATER. 


MEANS OF PURIFICATION. 


68. Water intended for boilers may be purified by settle- 
ment, by filtration, by chemical means, and by heat. Fil- 
tration will remove impurities in mechanical suspension, 
such as oil and grease, and earthy matter, but will not 
remove substances dissolved in the water. Chemical treat- 
ment of the water will render the scale-forming substances 
and corrosive acids harmless, and may be applied either 
before or after the water enters the boilers, preferably the 
former. Purification by heat is based on the fact that most 
of the scale-forming substances become insoluble and pre- 
cipitate when the water containing them in solution is 


heated to a high temperature, 
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PURIFICATION BY SETTLEMENT. 

69. For feedwater containing much matter in mechanical 
suspension, one of the simplest methods of purifying it is to 
provide a relatively large reservoir or a large tank for small 
steam plants, where the impurities can settle to the bottom. 
While this method is fairly satisfactory, as far as earthy 
‘matter is concerned, it will not clear the water of finely 
divided organic matter, which is usually lighter than the 
water and often so finely divided as to be almost dissolved 
Lines B 


PURIFICATION BY FILTRATION. 


GO. Organic and earthy matter in mechanical suspension 
is most satisfactorily removed by a filter, passing the water 
through layers of sand, gravel, hay, or equivalent sub- 
stances, or through layers of cloth. Hay and cloth are of 
service especially where the feedwater contains oil or grease, 
as is the case where a surface condenser is used and the 
condensed steam is used over again. 


“1. A hay filter is extremely simple, consisting of a 
wooden tank open on top and divided into two compart- 
ments by a partition perforated near the bottom. The one 
compartment is filled with hay, the feedwater from the hot 
well being discharged into the top of it. The hay quite 
effectually removes the oil and grease from the water, which 
is taken from the second compartment by the feed-pump 
or injector. The hay will have to be renewed quite 
frequently. 


%2. There are a number of cloth filters in use in con- 
densing plants. One of these, known as the Ross feed- 
water filter, designed to remove oil and grease from the 
feedwater of a surface-condensing engine, is shown in 
Fig. 10. The water coming from the feed-pump enters at @ 
and passes into the filtering chamber 6. It cannot leave 
this filtering chamber without passing through the filter c, 
which consists of light circular bronze sections of “open 
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latticework held together by long bolts and covered by 
toweling. This material is technically known as ‘‘linen 
terry,’ and popularly 
as ‘* Turkish toweling.” 
The toweling is made up 
in the shape of a bag 
somewhat larger than 
the spider; it is drawn 
over it and drawn down 
between each of the sec- 


tions by a string wound 
around it. The feed- 
water slowly passes 
through the filtering 
material into the interior 
of the filter: it then goes 
through the left-hand 
opening of the filtering 


chamber and through the 
yalve @ into the feedpipe Fic. 10 

again and thence to the boiler. The foreign matter filtered 
from the water accumulates on the filtering material, and in 
course of time offers considerable resistance to the passage 
of the water. This resistance is shown by the difference in 
reading of two pressure gauges. One of these is connected 
to the chamber 4 and the other to the left-hand passage. 
When this difference amounts to 3 pounds, the filter is in 
need of cleaning. To clean the filter, close valves ¢ and d 
and open the drain at f Now open valve ea little. A cur- 
rent of water will then flow around the filter and out of 
the drain, washing the outside of the toweling. Next, close 
valve ¢ again and open valve d. Then, the drain being 
open, a current of water will flow through the filter in a 
direction opposite to that in which the water passes through 
it when filtering. The water flowing in a reverse direction 
tends to loosen the foreign matter adhering to the outside 
of the filter. To start the filter again, open valves e and d 
and close the drain. Should it be found that the washing 
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of the filter, as explained above, is insufficient to clean it, a 
new filter must be inserted. To do this, close valves ¢ and d 
and open the drain. The water from the feed-pump will 
now pass directly to the boiler, the screwing down of the 
valve ¢ to close the opening to the filter chamber opening a 
by-pass, as Shown. ‘The cover g can now be removed and a 
new filter inserted. 

73. An Edmiston feedwater filter is shown in Fig. 11 
It consists of a vessel a, divided by perforated plates 4, 4, 
covered with coarsely woven cloth, into two chambers. The 
feedwater is admitted to the chamber @’, and cannot reach 
the chamber @” except by passing through the filtering 


BiG. ai: 


cloth. The oil and other floating impurities rise into the 
scum chamber c, whence they are removed periodically by 
opening the blow-off ¢@. The heavier impurities settle into 
the pocket ¢, which is provided with a blow-off cock. A 
pressure gauge is attached to the chamber; when this gauge 


§ 22 FEEDWATER PROBLEMS. 37 


indicates more than 5 pounds pressure in the chamber in 
excess of that in the boiler, it shows that the strainer is 
clogged and must be cleaned. This is done by opening the 
by-pass valve # and closing the valves f and g, thus cutting 
the filter out of the feedpipe. The soda cup 7 is now filled 
with soda and steam turned on, thus boiling out the filter. 
The soda dissolves the grease and the matter in the filter 
can then be blown out. If boiling out fails to clear the 
filter, the filtering diaphragms must be removed and new 
ones substituted. To do this, first of all cut the filter out 
of the feedpipe, letting the feedwater go through the 
by-pass. Then loosen the setscrew #. Now open the hinged 
door 7. The diaphragms can then be readily removed. 


PURIFICATION BY CHEMICALS. 


G4. Action of Different Chemicals.—Chemical purifi- 
cation may take place before or after the water enters the 
boiter, the former method being somewhat more expensive 
on account of the reservoirs that must be constructed. 
However, the purification is better carried out before the 
water enters the boiler for the reason that the amount of 
impurities entering the boiler will be greatly reduced. 


75. The chemical process to be adopted depends on the 
substances present in the water. When the water contains 
only carbonate of lime, it may be treated with slaked quick- 
lime, using 28 grains of lime for every 50 grains of carbon- 
ate of lime present in the water, the quicklime precipitating 
the carbonate of lime and being transformed into carbonate 
of lime itself during the process. When this process is car- 
ried out outside the boiler and the water cleared by settle- 
ment and filtration, very little carbonate of lime and matter 
in mechanical suspension will enter the boiler. This proc- 
ess was devised by Doctor Clark. 


%6. Water containing carbonate of lime may also be 
treated with caustic soda, which precipitates the carbonate 
of lime and leaves carbonate of soda, which is harmless. 


we 
ew 
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For every 100 grains of carbonate of lime 80 grains of 
caustic soda should be added. 


%%. Sal ammoniac is sometimes added to water contain- 
ing carbonate of lime and will cause the latter to precipi- 
tate. Its use is not advisable, however, on account of the 
danger of the formation of hydrochloric acid, which will 
attack the boiler. The formation of this acid is due to an 
excessive quantity of the sal ammoniac having been used. 


78. While slaked lime will precipitate carbonate of lime, 
it will have no effect on sulphate of lime, and water contain- 
ing the latter, either alone or in conjunction with carbonate 
of lime, must be treated with other chemicals. The most 
available ones for water containing both are carbonate of 
soda and caustic soda. These are often fed into the boiler 
and will precipitate the carbonate of lime and sulphate of 
\ime there, requiring the sediment to be blown out or other- 
wise removed periodically. 


79. The action of caustic soda on carbonate of lime and 
sulphate ot lime in water containing both of these ingredi- 
ents is as follows: The soda precipitates the carbonate of 
lime, and in so doing carbonate of soda is formed, which, in 
turn, combines with the sulphate of lime, precipitating it in 
the form of carbonate of lime, and in so doing forming sul- 
phate of soda, which is very soluble and harmless and may 
long be neglected. 


80. When treating water containing carbonate of lime 
and sulphate of lime, caustic soda may be used either by 
itself or in combination with carbonate of soda, depending 
on the relative proportions of carbonate of lime and sulphate 
of lime present in the water. The amount of caustic soda 
or carbonate of soda to be used per gallon of feedwater can 
be found as follows: 


Rule 6.—J/ultiply the number of grains of carbonate of 


lime per gallon by 1.36. If this product ts greater than the 
number of grains of sulphate of lime per gallon, only caustic 
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soda 1s to be used. To find the quantity of caustic soda 
required per gallon, multiply the number of grains of car- 
bonate of lime in a gallon by .8. 


Rule 7.—Jlultiply the number of grains of carbonate of 
lime per gallon by 1.36. If this product ts less than the 
number of grains of sulphate of lime per gallon, take the 
difference and multiply it by .78 to obtain the number of 
grains of carbonate of soda required per gallon. To find the 
amount of caustic soda required per gallon, multiply the 
number of grains of carbonate of lime in a gallon by .8. 

EXAMPLE.—A quantitative analysis of a certain feedwater shows it 
to contain 23 grains of sulphate of lime and 14 grains of carbonate of 
lime per gallon. How much caustic soda and carbonate of soda should 
be used per gallon to precipitate the scale-forming substances ? 

SOLUTION.—By rule G6, 14 « 1.86 = 19 grains. Since this product is 
less than the number of grains of sulphate of lime per gallon, rule 7 is 


> 


to beused. Applying rule 7, we get (23 — 19) x .78 = 3.12 er. of car- 
bonate of soda, and 14 x .8 = 11.2 gr. of caustic soda. Ans. 


81. Water containing sulphate of lime, but no carbonate 
of lime, may be treated with carbonate of soda. The 
amount of the latter that is required per gallon to precipitate 
the sulphate of lime is found by multiplying the number of 
grains per gallon by .78. 


82. When using soda, it is well to keep in mind that it 
will not remove deposited lime from the inside of a boiler. 
All that the soda can do is to facilitate the separating of the 
lime, i. e., cause it to deposit ina soft state. This sediment 
must be removed periodically. 


83. For decomposing sulphate of lime, tribasic sodium 
phosphate, more commonly known as trisodium phosphate, 
is often used. This is claimed to act on the sulphate of 
lime, forming sulphate of sodium and phosphate of lime, 
the former of which remains soluble and is harmless, and 
the latter of which is a loose, easily removed deposit. Triso- 
dium phosphate also acts on carbonate of lime and carbonate 
of magnesia, forming phosphate of lime and phosphate of 
magnesia, at the same time neutralizing the carbonic acid 
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released from the carbonate of lime and magnesia, and the 


sulphuric acid released from the sulphates. 


84. Acid water can be neutralized by means of an alkali, 
soda probably being the best one. The amount of soda 'to 
be used can best be found by trial, adding soda until the 


water will turn red litmus paper blue. 


85, Example of a Purification Plant.—Fig. 12 shows 
the general arrangement of a purification plant for a boiler 


1 


pln, 
oe NY, 


plant using 60,000 pounds of water per day. The apparatus 
consists of a tank 7, about 4 ft. x 3 ft. and 3 feet deep, in 
which lime or soda is dissolved upon a perforated tray, the 
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water-supply pipe # directing a jet upwards against the tray 
bottom. The tray is about 3 ft. x 2 ft. and 6 inches deep. 
From this tank a pipe z conveys the lime to a mixing tray mz, 
which is the same size as the lime tray, where the lime water 
is mixed with the feedwater coming through the pipe s by 
passing a series of obstructing plates. From the mixer the 
mixed lime and water flows into the first division of the large 
settling tank 4 which division is about 12 ft. x 4 ft. by 
3 feet deep, the second division having the same size. The 
only communication between the two halves is by a small sur- 
face hole #, and from the second division of the large tank 
the final outlet is taken from the surface by the skimming 
trough 7, £it. x 6 it. x Gin. deep, and flows thence to the 
bex,  2bout-2 it. « 1 ft. 6 ins @ ft. deep.— This. bor is 
loosely divided into several vertical divisions by perforated 
plates that serve to support several flat-woven filtering bags, 
and when past this filter, the purified water passes off to the 
well w. By reason of the slow motion brought about by the 
large cross-section of the setthng tank and the removal of 
the water at the surface by the hole “4 and trough f, only a 
small quantity of the finest material needs arresting at the 
filters. The bulk of the deposit will occur in the first 
settling tank, and when the amount of water treated exceeds 
the settling power, the tanks require supplementing by an 
additional length. 


SKIMMING APPARATUS. 
86. On account of the fact that some of the impurities 
contained in feedwater will float on the surface of the water 
for sometime, a surface blow-off is often fitted, which serves 
to remove these floating impurities periodically. In order to 
collect the scum, a spoon-shaped receptacle or a shallow 
trough may be placed in the boiler, with its top 2 or 3 inches 
below the normal water level, and the surface blow-off pipe 
connected to the bottom. ‘These devices are good so far 
as they go, but between times of using some of the scum 
settles and finds its way to the boiler bottom. 


42 BOILER FEEDING AND § 22 


8%. There is a continuous skimmer that requires very 
little waste of water in blowing out and the action of which 
is based on known 
physical laws. This is 


the Hotchkiss boiler 


eleaner shown in 
Pais. 1s. 
It consists of a glob- 


ular vessel 4 placed 


above the boiler and 


with an internal dia- 


phragm, as shown. 


Connected with it isa 


funnel c, so placed in- 


side the boiler as to 
aa draw in water any- 
where from the lowest level to the highest. Water enters 
this funnel and rises up the pipe @ into the globe and there 
slowly circulates, depositing its contained mud and passing 
out to the boiler bottom by the pipe ¢, valves 2 serving to 
moderate the velocity of flow. The mud settles at the 
bottom of the globe and is blown out through the pipe /. 
The question may be asked, how is circulation brought 
about? Ina boiler the water that enters at c is not boiling 
but is ready to boil on the addition of another fraction of 
heat or the subtraction of an ounce of pressure. In the 
pipe @ there is less pressure than in the boiler, by reason ot 
the head of water above the water level in the boiler, and 
therefore water that enters ¢ as water is turned partially into 
steam as it ascends, and when it enters the globe, some of 
it again goes back to water, because there is a slight cooling 
by radiation. The net result is that of the two pipes ¢ 
and d, the pipe @ contains a greater proportion of steam 
than does the -pipe ¢, and is therefore of less density, and 
the downward pull in the heavier column in ¢ causes cir- 
culation. The water in the boiler is, therefore, in continual 
circulation through 4, entering jaden with lime and leaving 
more or less cleared of it, and the result is simply that mud 
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is found in é instead of in the boiler. The economy that 
results is that due first to the ability to use the blow-off / 
only sufficiently to blow out mud without water, and secondly 
to the avoidance of cleaning the boiler, and finally to the 
reduction in repairs and saving in’ fuel from increased 
efficiency of heating surface. 


88. This continuous cleaner works best with soda, which 
should be fed into the boiler. Where magnesium salts are 
present in the water, they form ascum that will not sink. 
In this case the globe 4 is placed upside down and all dirt 
then vzses to the blow-out f, which is then at the upper side 
of the ball. In this way the oil that has got in through a 
surface condenser is discharged. When both sinking and 
floating impurities are to be dealt with, the globe is piaced 
on its side with the diaphragm vertical and a double blow- 
out is used, one above for oil or magnesia froth and one 
below for hme, both being connected with the same blow-off. 


PURIFICATION BY WHEAT. 


89. It was mentioned in Arts. 51 and 52 that carbon- 
ate of lime and sulphate of lime become insoluble if the 
water is heated, the former precipitating at about 212° F. 
and the latter at about 290°. This fact is taken advantage 
of in devices that may be called combined feedwater 
heaters and purifiers; since they generally use live steam, 
they are also called live-steam feedwater heaters. Since 
no feedwater heater can effect a direct saving in fuel except 
when the heat is taken from a source of waste, it follows 
that a‘ live-steam feedwater heater can affect the fuel con- 
sumption but indirectly. This it does by largely preventing 
the accumulation of scale in the boiler and the attendant 
loss in economy due to the lowering of the rate of heat 
transmission through a plate heavily covered with incrusta- 
tion. A live-steam feedwater heater, by reason of the 
delivery of very hot water, also tends to reduce repair bills 
and increases the life of a boiler on account of the decrease 


in expansion and contraction. 
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90. Live-steam feedwater heaters are made in a variety 
of ways; some are constructed with removable pans, others 
depend on the use of a blow-off and occasional opening up 
of the heater for the removal of the sediment. 


91. The Hoppes purifier shown in Fig. 14 belongs to 
the removable-pan type. It consists of a cylindrical shell a 
fitted on one end with a removable head 6, shown in the 
figure as taken off and swung out of the way. A series of 
shallow steel pans c, ¢ are placed within the purifier, The 
feedwater enters the T shown at @ and flows through the 
branch pipes ¢, e into the top pans. The feedwater flows in 
thin sheets over the edges of the pans and finally out of the 
purifier through the pipe / A glass water gauge, not shown 
in the figure, connects the blow-off pipe ¢ with the nipple / 
and shows the amount of water. Live steam from the 
boiler enters through the pipe 7 and heats the water in the 
purifier to a temperature nearly equal to its own, and in so 
doing precipitates those impurities that become insoluble by 
heat. Mud and earthy matter deposit on the inside of the 
pans, while the scale-forming substances coat the outside of 
the pans. The feedwater flows through / into the boiler by 
gravity, the purifier being placed higher than the boiler and 
having a pressure equal to that in the boiler within it. 

92. The sediment must be removed periodically, the 
pans being easily removable for the purpose. <A purifier of 
this kind will quite effectually remove the impurities from 
the feedwater when used with steam pressures of over 
50 pounds. With lower pressures the temperature is not 
sufficient to precipitate all the scale-forming substances. 


93. <A Buffalo feedwater heater and purifier, which 
can be applied to any boiler, is shown in Fig. 15. The 
feed-pumps deliver their water through the pipe e and check- 
valve f into the top of the heater. The entering feedwater 
strikes against the top division plate; the solid stream of 
water is thus brokenup. It now flows in a zigzag course 
over the edges of the spray disks 2, g, being thus spread out 
into large, thin sheets that readily absorb the heat of the live 
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steam with which the spray chamber is filled and which is 
admitted through ¢@. The highly heated water falls to the 
bottom, and passing around the division plate / and deflector 
plate 7, rises in the settling chamber a. Thence it passes 
through the equalizing tube z into the space between the 
upper division plate and head and into the feedpipe c. 


Fic. 15. 


The feedwater being heated to almost the same tempera- 
ture as that in the boiler, the scale-forming substances pre- 
cipitate and collect in the bottom of the settling chamber, 
whence they can be removed by opening the blow-off valve 7. 
Nearly all foreign matter in mechanical suspension also 
collects in this settling chamber and is removed with the 
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scale-forming substances. The impurities that have a 
smaller specific gravity than water rise to the top of the 
settling chamber and float on the water. By extending the 
equalizing pipe z, which forms the feed outlet from the heater, 
below the surface of the water, the floating impurities are 
kept from entering the feed outlet. The heater should be 
placed above the boilers. The water will then flow into the 
boilers by gravity. To prevent the water in the boilers 
backing up into the heater when the blow-off of the heater 
is opened, an automatic shut-off valve, which is simply a 
special form of check-valve, is supplied. This valve is 
placed in the feedpipe between the heater and the boilers. 
Under ordinary working conditions, it is sufficient to blow 
out the heater once every six hours, 


TESTING WATER. 

94, Introduction.—A quantitative analysis cannot be 
made by any one except an expert chemist having a well- 
appointed laboratory and the proper apparatus; a qualita- 
tive analysis for the most common impurities can be easily 
made, however, with the aid of chemicals procurable in 
almost any drug store. Such an analysis will show what 
kind of impurities are present, but will not show the amount. 
The tests for the more common impurities are given below. 


95, Testing for Corrosiveness.—It is a good plan to 
test the feedwater and also the water in the boiler occasion- 
ally for corrosiveness. This may be done by placing a small 
quantity into a glass tumbler and adding a few drops of 
methyl orange. Ifthe sample of water is acid, and hence 
corrosive, it will turn pink. If it is alkaline, and hence 
harmless, it will be yellow. The acidity may also be tested 
by dipping a strip of blue litmus paper into the water. If it 
turns red, the water is acid. This method is not as sensi. 
tive as the previous one, which should be used in preference, 
If litmus paper is kept in stock, it should be kept in a bottle 
with a glass stopper, as exposure to the atmosphere will 
deteriorate the paper. If the water in the boilers has 
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become corrosive and corrosion has set in, the water in the 
gauge glass will show red or even black. As soon as the 
color is beyond a dirty gray or straw color, it is advisable to 
introduce lime or soda to neutralize the acid 


96. Testing for Carbonate of Lime.—Pour some of 
the water to be tested into an ordinary tumbler. Adda 
little ammonia and ammonium oxalate: then heat to the 
boiling point. If carbonate of lime is present, a precipitate 
will be formed. 


9%. Testing for Sulphate of Lime.—Pour some of 
the feedwater into a tumbler and add a few drops of hydro- 
chloric acid. Adda small quantity of a solution of barium 
chloride and slowly heat the mixture. If a white precipitate 
is formed, which will not redissolve when a little nitric acid 
is added, sulphate of lime is present. 


98. Testing for Organic Matter.—Add a few drops of 
pure sulphuric acid to the sample of water. To this add 
enough of a pink-colored solution of potassium permanga- 
nate to make the whole mixture a faint rose color. If the 
solution retains its color after standing a few hours, no 
organic substances are present. 

99. Testing for Matter in Mechanical Suspension. 
Keep a tumblerful of the feedwater in a quiet place. If no 
sediment is formed inthe bottom of the tumbler after stand- 
ing for a day, there is no mechanically suspended matter in 
the water. 


FEEDWATER HEATERS. 


100. Purpose.—It is important that the feedwater 
should be introduced into the boiler at as high a tempera- 
ture as possible. The advantages of hot feedwater are 
(1) The avoidance of the strains produced in the plates of 
the boiler by the introduction of cold feedwater. (2) The 
saving in fuel effected by the higher temperature of the 
feedwater. In order that there be a direct saving in fuel, 
it is necessary that the heat used for heating the feedwater 
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be taken from a source of waste, the principal ones being 
the waste gases and the exhaust steam. Only exhaust-steam 
feedwater heaters will be considered here, since live-steam 
feedwater heaters have already been treated of in Arts. 89 


to 93. 


101, Economy.—The economy of using hot feedwater 
may be shown by a simple calculation. Suppose a boiler to 
furnish steam at 75 pounds pressure and let the feedwater 
temperature be 60° F. The number of heat units required 
to change a pound of water at 60° into steam at 75 pounds 
presstire is, ttom the Steam Tables, about 1,151 By. T.. U. 
Suppose, in the second case, that the feedwater enters at a 
temperature of 210°. Then, the number of heat. units 
gained by heating the feedwater is 210 — 60 = 150 B. T. U., 

150 x 109 


isk 13 per cent. 


and the gain, in per cent:, is 


102. Classification.—Exhaust-steam feedwater heaters 
are divided into two general classes, known as open heaters 
and closed heaters. 


103. An open heater may be defined as a heater in 
which the water is in contact with the atmosphere. Open 
heaters may be divided into two subclasses, known as direct- 
contact open heaters and coil heaters. In a direct- 
contact open heater the exhaust steam comes into contact 
with the water, which, by means of suitable devices, is 
broken into spray or thin sheets in order to readily absorb 
the heat of the steam. Ina coil heater the exhaust steam 
passes through coils of pipe submerged in- a suitable vessel 
containing the water to be heated and open on top. Such 
heaters are generally improvised affairs made directly on 


the premises. 


104, Closed exhaust-steam feedwater heaters may 
be defined as heaters in which the feedwater is not exposed 
to the atmosphere, but is subjected to the full boiler pressure, 
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The steam does not come into contact with the water; the 
latter is heated through coming into contact with metallic 
surfaces, generally those of tubes, that are heated by the 
exhaust steam, 


OPEN HEATERS. 

105. Comparison and General Considerations.—In 
an open direct-contact heater the exhaust steam and feed- 
water mix, most of the steam being condensed. Conse- 
quently, all the oil or grease carried over from the engine in 
the exhaust steam will mingle with the heated water, and 
in order to prevent this oil entering the boiler, special pro- 
vision must be made for intercepting it, either by filtration 
or by means of some skimming apparatus. Ina coil heater 
the steam and water do not mingle, and, consequently, no 
provision for the removal of oil is necessary. Open heaters 
must always be placed on the suction side of the feed-pump, 
and since they furnish hot water to the pump, it is neces- 
sary to place them several feet above the latter in order that 
the water may flow into it by gravity. Direct-contact open 
heaters will, in general, heat the feedwater to a higher tem- 
perature than open heaters of the coil type and cause less 
back pressure on the engine. With a direct-contact open 
heater a temperature of 210° is often obtained, and at this 
temperature most of the scale-forming substances, with the 
exception of the sulphates, will precipitate, so that such a 
heater incidentally acts as a purifier. In addition, most of 
the matter in mechanical suspension settles to the bottom. 
For the removal of sulphates a live-steam purifier must be 
used. A coil heater, in general, will not heat the water 
sufficiently hot to make any scale-forming substances 
insoluble; it will, however, heat the water hot enough 
to cause a marked economy in the use of fuel. Open 
heaters should never be used with an injector, since the 
injector requires the water flowing to it to be cold in order 
to work. 
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106. Examples of Open Direct-Contact Heaters.— 
Fig. 16 shows the construction of a very simple and quite 
effective home - made : 
open heater, which was 
designed by Mr. F. M. 
Humason and is used 
by him. The heater is 
intended for a12’ x 24" =. IP G 
Corliss engine making i eS 
95 revolutions per min- ) 
ute. The body of the 
tank A is made of 
2” x 4” pine, well bound fs 
together with 5 iron 
hoops and fitted with 
strong wooden heads; y, 
a manhole # is placed HIE : 
in the top head. The 5 — 
tank is 3 feet in diam- ——— i 
eter by 5 feet 6 inches = —= = 
in height. About 2 feet ay 
6 inches from the top 
is placed a grating C made of 2°x 4” pine with the bars 
1 inch apart; this grating is covered with burlap and 
12 inches of hay, The exhaust steam from the engine 
enters at D and meets the cold feedwater coming through 
the pipe 4, the water supply in this case coming from the 
tank /. Any uncondensed exhaust steam passes out of the 
pipe G. The heater is fitted with a by-pass, so that it may 
be cut out of service. This.is done by opening the valve 
in / and closing the valves in & and in the suction pipe /, 
when the water in the tank / will pass through / into the 
suction pipe. A gauge glass A shows the depth of water in 
the heater. The exhaust from the pump enters the heater 
through the pipe 7. The feedpipe is tapped for the pipe of 
the small soda tank 4/7, which affords a ready means of 
introducing soda into the feedwater. The hay and burlap 
require to be renewed quite frequently. 
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107. The Pittsburgh open feedwater heater is shown 
in section in Fig. 1%. The cold water is admitted to the 
heater through a bal- 
anced valvea. It then 
passes through the in- 
let pipe in the cénter 
of the upper head to 


a spraying device 4, 
located immediately 
above the pans. In 
passing through this 
spraying device, the 


water is. distributed 


evenly in a very fine 
spray to the upper 
panc. From the inner 


edge of the upper pan 
it fails vertically to 


the pan below, and 


from this pan over the 


OMeir Cecelleey (row qulave? Yoynve 


beneath, and so on 


through the whole 


series. The pans being 


arranged so as to give 
the water a zigzag 
travel from the one to 


the other, two fine 


cylindrical sheets of 
water are maintained, one each on the inner and outer edges 


of the pans. 


108. The exhaust steam enters at d, immediately below 
the distributing pans, and passes into a large steam space é, 
from which it rises slowly, coming into direct contact with 
the fine sheets of falling water. Some of the steam is con- 
densed by coming into contact with the cool water; the 
remainder passes into the atmosphere through the outlet 
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connection f on top of the heater. The feedwater, being 
spread into large thin sheets, on meeting the exhaust steam 
readily absorbs its heat untilthe highest temperature attain- 
able (212° F.) is reached. The purification of the feed- 
water also takes place at this point in the heater, the water 
depositing such impurities as can be precipitated at a tem- 
perature of 212° F. inthe pans. After leaving the pans the 
water falls‘through the steam space to the water reservoir 
and sedimentation chamber ¢ in the lower part of the shell. 
The volume of this reservoir is made large to provide a 
quiet place for the water, thus permitting a free and undis- 
turbed settling of the foreign matter held in mechanical sus- 
pension in the water coming from the pans. Some users 
insert hay, etc. in this reservoir to help purify the water, 
but this is deemed unnecessary by the makers. 


109. The water level is maintained in this reservoir by 
means of a float 7, which operates the balance valve a of 
the cold-water supply pipe on the top of the heater through 
two cranks and a connecting-rod. Should the water become 
low, the float falls and opens the balance valve, thus admit- 
ting more water. In the event of too much water the 
float rises and shuts off the valve. An automatic regula- 
tion of the water supply is by this means maintained at all 
times, requiring no attention from the man in charge 
beyond a casual look at the gauge glass placed at the water- 
level on the outside of the heater. As previously mentioned, 
a further purification of the water takes place in this reser- 
voir, the mud and heavier impurities settling to the bottom 
of the shell, where they can be blown off. 


110. The oil and lighter impurities float on top of the 
water and are taken care of by a skimming apparatus in 
the shape of a small cylinder 7 placed on the outside of the 
shell and connected to the water reservoir by a large 
flanged connection at the point shown, It is also connected 
om top by a pipe to the steam space ct the heater. “The 
feed-pump takes its water supply through the suction pipe £& 
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attached to the upper part of this small cylinder. The 
object of connecting the top of the separator z with the 
steam space of the shell is to prevent the water level in 
the shell falling to any extent below the level of the pump 
connection. As soon asit falls slightly below this level, steam 
from the steam space of the heater will flow into the top of 
the separator and thence into the suction end of the pump, 
thus preventing the latter taking any more water from the 
heater. It naturally follows from this construction that the 
oil and other floating impurities can never enter the sepa- 
rator and consequently cannot be pumped into the boiler. 


, 

411. Example of a Coil Open Heater.—Fig. 18 shows 
the general construction of a coil heater using exhaust 
steam. The water to be 
heated is contained in 
an iron or wooden tank 


into which at is dis= 


Len charged through the 
(GAN 3) ‘ - 


supply pipe 7 and which 
Hl Ne 1 NN it leaves through the 


TT 


ai 


pump suction pipe e. 


The exhaust steam from 


the enero renters 
through the pipe 6 and 
| after passing through 


the coil a leaves through 
the, pipe -<. “Tie -eot) 
should be so arranged 
that the end farthest from the end where the exhaust steam 
enters is lowest, and a drain pipe leading to a steam trap 
should be fitted there in order that any condensed steam 
may be drained automatically from the coil. The tank 
holding the water may be fitted with a light removable 
cover, in order to keep dirt out of the water, and should 
be fitted with a glass water gauge, or an equivalent device, 
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and a blow-off, as / in the figure, for emptying it. About 
i, square foot of heating surface may be allowed in the coil 
for every pound of water to be heated per hour. Thus, to 
heat 3,000 pounds of water per hour requires 3,000 x 45 


= 300 square feet of heating surface in the coil. 


CLOSED HEATERS. 


112. Ina closed exhaust-steam heater, the steam does 
not come into contact with the water, and the heater is 
placed between the feed-pump, or injector, and the boiler, 
so that the feed-pump handles cold water. The heating 
surface is generally made of tubes; sometimes the water is 
inside the tubes and sometimes it is outside, the latter being 
the more general plan. Closed heaters are made in a great 
variety of forms, all of which, however, embody the same 
general principles. For this reason only one is shown here. 


113. Fig. 19 shows the Berryman closed feedwater 
heater. The heating surface is obtained by means of 
inverted U tubes a, @ through which the exhaust steam 
passes. The steam enters the bottom 4 of the heater 
through the pipe c, and there being a steam-tight partition 
in the bottom, is caused to flow up through one leg of the 
tubes and down the other and then through the pipe @ 
to the atmosphere. The condensed steam is discharged 
through the drip ec. The feedwater enters the heater 
through the pipe / and leaves at the top through the feed- 
pipe g. A safety valve / is fitted to the heater, which pre- 
vents any overpressure in it due to a closing of the globe 
valve in the feedpipe before the pump is stopped. When 
the safety valve is open, the water discharges through z to 
the sewer. The heater is fitted with a bottom blow-off # 
and a surface blow-off ¢ for removing floating and settled 
impurities in the water. It heats the water to a tempera- 
ture between 200° and 212°, and in so doing precipitates 
those scale-forming substances that become insoluble at the 
temperatures given. 


FACES. 


(PART 1.) 


GENERAL INTRODUCTION. 


DEFINITION. 

1. Pumps are machines for lifting or conveying fluids, 
and when not otherwise specified the word is generally 
understood to mean machines for lifting and conveying 
water. 


WATER. 
2. Water is a liquid composed of 1 part of oxygen and 
2 parts of hydrogen. The weight of a cubic foot at its max- 
imum density (39.2° F.) is 62.425 pounds; at 32° F., or the 
freezing point, water weighs 62.4 pounds per cubic foot, and 
at 212° F., or the boiling point, water weighs 59.7 pounds 
per cubic foot. Obviously pumping machinery can only 
handle water between the limits of the freezing and boiling 
points. Water is almost non-compressible; its compressi- 
bility is about .0000014 of its volume under a pressure of 
15 pounds per square inch, and it decreases with an increase 
of temperature; for practical purposes it may be considered 
as incompressible. 


HOW WATER FLOWS INTO A PUMP. 
3. Pumps are frequently so located that the water must 
flow into the pump cylinder by atmospheric pressure on the 
surface of the water external to the suction pipe; that is, by 
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the action of the pump a vacuum of more or less perfection 
is produced in the pump chamber. If the end of the suction 
pipe, which is the pipe connecting the pump chamber with 
the water, is submerged, the excess of pressure on the sur- 
face of the water outside of the suction pipe will cause the 
water to rise in the suction pipe until the pressure due to the 
weight of the column equals the pressure of the atmosphere. 


THEORETICAL LIFT. 

4, The pressure of the atmosphere is constantly chan- 
ging. For practical purposes the pressure at sea level is 
taken as 30 inches of mercury, or 14.7 pounds pressure per 
square inch. Since a pressure of 1 pound per square inch is 
equal to that exerted by a column of water 2.309 feet high, 
the theoretical height that water can be raised by a perfect 
vacuum at sea level will be 14.7 x 2.309 = 33.94 feet. Since 
the atmospheric pressure becomes less “as the altitude 
increases, it follows that the greater the altitude, the less the 
theoretical and practical lift by atmospheric pressure will 
be. To find the theoretical height in feet to which water 
can be lifted at any altitude, multiply the barometric read- 
ing in inches by 1.133. 

5. For water holding foreign substances in suspension, 
or for other liquids, the theoretical lift can be found by 
dividing the theoretical height to which water can be lifted 
at the existing atmospheric pressure, as shown by the 
barometer, by the specific gravity of the liquid. 


ACTUAL LIFT. 

6. Since a perfect vacuum cannot be obtained on account 
of mechanical imperfections, air contained in the water, and 
the vapor of the water itself, the actual height to which it 
can be lifted is only about .82 of the theoretical height, 
which ratio is good only for pure water. 


%. Inthe case of pumps located at the bottom of deep 
mines, the barometer will plainly show a greater pressure on 
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the bottom than at the surface, and hence a greater suc- 
tion lift is possible at the bottom. 


PUMPING HOT WATER. 

8. Pumping hot water is a difficult problem and has 
positive limitations in the direction of lift and temperature. 
Whenever possible, the pump should be so arranged that 
the hot water will flow to it. The following table shows the 
theoretical possibilities at 30 inches barometric pressure: 


INFLUENCE OF TEMPERATURE ON 
SUCTION LIFT. 


Bemperanures Suction Lift. 
Degrees 

Fahrenheit. Beet, 
100 28.0 
150 21.0 
170 17.0 
190 10.0 
210 its 


In actual practice it is not possible to lift water at all 
whose temperature exceeds 180°. The reason hot water 
cannot be lifted is on account of the increased pressure of 
the vapor at the higher temperatures. Pumps required to 
handle hot water should be provided with suitable valves of 
vulcanized rubber for the lower temperatures and metal for 
the higher temperatures. Soft rubber valves are unsuited 
for handling hot water. 


LIMIT OF HEIGHT TO FORCING. 
9, Having considered the limit of lift by suction, the 
limit of height to which water or any other liquid can be 
forced will be discussed now. This height is zo¢ affected by 
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the atmospheric pressure and is only limited by the power 
available for forcing the liquid and the strength of the 
pump and the pipe connections. 


GENERAL CONSIDERATIONS. 

10. Before-proceeding to give an account of some of the 
best and most modern types of pumps, let us consider for a 
moment what is required to be done in order that large 
volumes of water may be raised in the best possible manner 
and with the best possible economy. Among the first things 
that a practical engineer should know and among the last 
things he should forget is that in handling water within 
pipes he has a fluid which, while it is flexible to the greatest 
extent and is susceptible to the influence of power or force 
of greater or less intensity, and while it may be drawn from 
below and raised to a height above, and while it bends itself 
to the will of the engineer, will still refuse to do some things 
and which all the complicated appliances of the engineer 
have as yet failed to compel it todo. When enclosed within 
chambers and pipes to an extent that fills them, it will not 
permit the introduction of any more without bursting them. 
When enclosed within long lines of pipes, it will of sud- 
denly start into motion or when in motion suddenly come to 
rest without shocks or strains more or less disastrous. 


HISTORICAL. 

11. Almost the first application of steam was to pumps 
used for raising water out of mines, and as these pumps had 
previously been entirely operated by horses, a basis of com- 
parison was established by rating the power of the steam 
engine by the number of horses it displaced at these mine 
pumps. ‘To enumerate even briefly the various machines 
for pumping water that have been developed. in the past, 
many of which are famous, would be quite impossible for 
lack of space, and a description of their peculiar and promi- 
nent characteristics would be equally so, especially as they 
are only of historic interest. Conditions have so changed 
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as regards steam pressure, speed, and problems of manufac- 
ture and competition that out of the great mass of pump 
designs, some of which were excellent in many points, have 
been developed standard forms of pumps particularly adapted 
to each and every service. 


CLASSIFICATION. 

1%. Pumps may be classified in a number of different 
ways, as according to their principle of operation, their 
general form, the power used to drive them, the methods of 
applying the power, the special class of work to which they 
are applied, etc. There being no universally accepted classi- 
fication, no attempt will be made here to classify pumps, 
but the different forms of pumps described will be given the 
name by which they are most generally known. 


STEAM PUMPS. 


DEFINITION AND DIVISION. 

13. Steam pumps are pumps in which the moving force 
is steam, which is applied to the movement of water with- 
out the intervention of belting or gear-wheels. Steam 
pumps are divided into two general classes known, respect- 
ively, as drect-acting and flywheel-pattern pumps. 


« 


DIRECT-ACTING STEAM PUMPS. 


INTRODUCTION. 

14. General Description.—The type of pump by far the 
most numerous is the direct-acting pump, by which is 
meant a steam-driven pump in which there are no revolving 
parts, such as shafts, cranks, and flywheels, or pumps in 
which the pressure of the steam in the steam cylinder is 
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transferred to the piston or plunger in the pump in a direct 
line and through the use of a continuous rod or connection. 
In pumps of this construction the moving parts have no 
weight greater than that required to produce sufficient 
strength in such parts for the work they are expected to 
perform; as there is, consequently, no opportunity to store 
up power in one part of the stroke to be given out at 
another, it is impossible to cut off steam in the cylinder 
during any part of the stroke. The uniform and steady 
action of the direct-acting steam pump is dependent alone 
on the use of a steady, uniform pressure of steam through- 
out the entire stroke of the piston against a steady, uniform 
resistance of water pressure in the pump, the difference 
between the force exerted in the steam cylinders over the 
resistance in the pump governing the rate of speed at which 
the piston or plunger of the pump will move. The length 
of the stroke of the steam piston within these pumps is 
limited and controlled by the admission, release, and com- 
pression of the steam in the cylinder. 


15. Development.—The direct-acting steam pump was 
invented by Henry R. Worthington in the year 1840 and was 
patented in 1841. A few years later Mr. Worthington 
developed and brought out what is now known as the 
duplex direct-acting steam pump. The objection to the sin- 
gle direct-acting pump was the fact that the action of the 
pump plunger or piston was an intermittent one; that is, the 
column of water was started into motion at the beginning of 
each stroke and came toa stand at the end of each stroke, thus 
not only making the flow of the water irregular, but also sub- 
jecting the pump and the connecting pipes and their joints to 
severe and often serious strains. 


16. Duplex Pumps.—In the main, the construction of 
the steam and water ends of the duplex pump differs but 
slightly from that of the single direct-acting pump, but the 
mechanism that operates the steam valves is different and 
the effect on the water column is very different. The prin- 
ciple upon which the duplex pump operates is this: Two 
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pumps of similar construction are placed side by side; alever 
attached to the piston rod of each pump connects to the slide 
valve of the opposite steam cylinder, and thus the movement 
of each steam piston, instead of operating its own steam 
valve, as in the single pump, operates the slide valve of the 
opposite cylinder. The effect of this arrangement is that as 
- the piston or plunger of one pump arrives at or near the end 
of its stroke, the plunger or piston of the other begins its 
movement, thus alternately taking up the load of the water 
column and producing a regular, steady, onward flow of 
water without the unusual strains induced by such a column 
of water when suddenly arrested or started in motion. 


1%. Advantages of Direct-Aecting Pumps.—The 
direct-acting machine is the simplest form of pump yet 
devised; its action most nearly harmonizes with the laws con- 
trolling the action of water, and in event of a conflict, the 
direct-acting pump will yield to the superior force of the 
water without serious resistance. The direct-acting pump 
being not only the simplest but most universally used type of 
pump it will be taken up first. 


18. Disadvantages of Direct-Acting Pumps. — To 
obtain perfection of steam pumps it is necessary to use the 
steam so that by cutting it off within the steam cylinders 
and by subsequent expansion inthe same or other cylinders, 
its expansive force will be developed to the highest limit and 
to the most economical extent. When that is done we have 
accomplished all that with our present knowledge of the 
steam engine can be done in the steam cylinders. It is in 
this respect, however, that the direct-acting steam pump of 
the ordinary type is anything but economical, its design 
requiring the carrying of the fullsteam pressure throughout 
the whole stroke. This drawback prohibits its use in places 
where a high economy in the use of steam is imperative. By 
the use of a so-called high-duty attachment, however, the 
ordinary direct-acting pump can be and is converted into a 
machine using steam expansively; a fair degree of economy 
is also obtained by compounding the steam end. 
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VALVE MOTIONS. 
19. The Knowles Valve Motion.—Fig. 1 shows the 
steam end of the Knowles steam pump with the arrangement 


of the valve gear. 
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An auxiliary piston #-works in the steam chest and drives 
the mainvalve v. This auxiliary, or chest piston, as it is 
called, is driven backwards and forwards by the pressure of 
the steam, carrying with it the main valve, which in turn 
gives steam to the steam piston ? and operates the pump. 
The main valve v is a plain slide valve of the B form working 
on a flat seat. The chest piston has a rod K to which is 
clamped an arm S, the latter being connected to the rocker 
bar 7 by alink 7. The main piston rod carries an arm 0, 
which is provided with a stud, or bolt, on which there is a 
friction roller. This roller moves back and forth under the 
curved rocker bar with the motion of the main piston rodand 
lifts the ends of the bar, thus giving the chest pistona slight 
rotary motion just at the end of the stroke of the main piston. 
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Each end of the chest piston is provided with a port 0, shown 
in the right-hand end by the partial section, and the solid 
part of the steam chest has four ports a, 6 and a’, 6’, which 
open into the space in which the chest piston moves. The 
ports a and @ connect with the live steam space in the steam 
chest and serve as steam ports, while 6 and 6’ connect with 
the exhaust. In the position shown in the figure, the main 
piston has just reached that point of its stroke where the 
roller has acted on the rocker bar to rotate the chest piston. 
This has brought the port @ (in the right-hand end of the 
chest piston) into communication with the live steam, admit- 
ting the latter to the space at the right of the chest piston. 
This steam drives the chest piston to the left and it carries the 
main valve v with it, thus exhausting the steam from the 
right of the main piston and admitting live steam to the left. 
When the main piston, under the action of this steam, 
approaches the right end of the cylinder, the roller lifts the 
right endof the rocker bar, thus rotating the chest piston so 
as to bring the port @ in connection with the exhaust port 0 
and the port in the opposite end of the chest piston in con- 
nection with the steam porta’. This drives the chest piston 
and main valve to the right, allows the steam at the left of 
the main piston to exhaust, and admits live steam to the 
right of the main piston again. The chest piston, as it 
approaches either end of its chamber, covers the exhaust 
port at that end, thus confining enough of the exhaust steam 
to form a cushion to prevent it from striking the end of the 
steam chest. The main piston also covers the exhaust port 
before reaching the end of its stroke, as shown in the figure, 
so that it is cushioned by the exhaust and prevented from 
striking the cylinder head. Special passages are provided 
for admitting the steam required to move the piston far 
enough to uncover the main ports onthe return stroke. The 
arm Ocarries a collar that slides over the chest piston rod, 
and in case the steam pressure is not sufficient to move the 
chest piston, this collar will strike collars, as ”, and thus 
move the valve. (One of these collars is just behind the 
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20. The Cameron Valve Motion.—In the Cameron 
pump shown in Fig. 2, which possesses the advantage of 


BiG. 2 


having no outside gearing, a is the steam cylinder, ¢c the 
piston, @ the piston rod, 7 the steam chest, 7 the chest pis- 
ton, the right-hand end of which is shown in section, g the 
main slide valve, 2 the starting bar, connected with a han- 
dle on the outside, 7, z the reversing valves, #, # the bonnets 
,é@ are exhaust 
ports leading from the ends of the steam chest direct to the 
main exhaust and are closed by the reversing valves Pat. 


over the reversing-valve chambers, and ¢ 


The action of this valve motion is as follows: The spaces 
at the ends of the chest piston f communicate with the live- 
steam space by means of small holes, one of which is shown 
in the right-hand section of f. By means of these holes, 
these spaces and the ports ¢, ¢ leading from them are kept 
filled with live steam as long asthe ports are covered by the 
piston valves 7,7. In the position shown in the figure, the 
space in the main cylinder to the right of the piston ¢ is in 
communication with the live-steam space in the steam 
chest; ¢ is therefore moving to the left. When ¢ strikes 
the stem attached to the valve z, it forces z to the left and 
uncovers the Jeft-hand port e¢, thus allowing the steam at the 
left of f to pass out through theexhaust. The steam to the 
right of f then expands and drives f and with it the main 
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valve ¢ to the left, thus reversing the action of the steam 
on ¢, which immediately begins to move back towards the 
right. Live steam is always acting on the piston 7, so that 
as soonas ¢ moves to the right, this steam pushesz back and 
covers the left port ¢ again, after which live steam fills the 
port and the space connecting with it through the small 
hole in the end of f. When the piston ¢ strikes the stem of 
the right-hand valve 7, the main valve is again shifted to 
the right and cis started on its\stroke to the left: _ Exhaust 
steam is confined in the ends of the cylinder to prevent the 
piston from striking the heads, in the same manner as in the 
Knowles steam pump. 


21. The Gordon Steam Pump.—If the load is suddenly 
thrown off from the ordinary direct-acting steam pump 


through any cause, as, for example, the bursting of the dis- 
charge pipe or the opening of a valve, so as to permit the 
water to discharge freely under low pressure, the steam is 
liable to drive the piston to the end of its stroke with so 
much force as to cause serious shocks or even to break some 
part of the pump. In order to overcome this danger the 
Gordon steam pump is provided with the arrangement 
shown in Fig. 3, which is called an isochronal valve gear. 
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In this gear the main valve is operated by a double chest 
piston DD’, which is actuated by steam controlled by an 
auxiliary slide valve /'in the small steamchest C. / is pro- 
vided with a valve stem /’’, to which two collars ¢, é’ are 
fastened with setscrews. A slide AY, which receives its 
motion from the main piston rod by meansof links /’and /", 
the lever /, and the crosshead //, strikes the collars e, e’ near 
the ends of the main piston stroke, thus moving the auxili- 
ary valve / and admitting steam to the chest piston DD’, 
which in its turn operates the main steam valve and reverses 
the motion of the main piston. In order to prevent the 
pump from running away when the load is thrown off sud- 
denly, the slide 7 carries a cylinder in which works a pis- 
ton G fastened to the rod D” of the chest piston D DD’. This 
cylinder, called the cataract cylinder, has a cock ZL that 
controls a passage joining its two ends, and by means of 
this cock the passage may be more or less closed, as 
desired. 

The action is as follows: Assume the cataract cylinder to 
be empty; the piston G will then meet with no resistance 
and the machine will work as usual. At the end of the 
stroke the slide will strike one of the stops ¢ or e’, thus 
shifting the auxiliary valve / and admitting steam to the 
piston valve DD’, which will move freely through its stroke 
and thus admit steam to the main piston for the return 
stroke. Now, if something happens to the water discharge, 
as, for example, the breaking of a pipe, the load will be 
removed from the pump and the main piston will be driven 
suddenly to the end of its stroke and thus be in danger of 
striking the head with enough force to break it. The object 
of the cataract cylinder is to overcome this danger. It is 
filled with liquid, which must be forced from one end to the 
other by the motion of the piston G. By partly closing the 
cock L a resistance is opposed to the passage of the liquid, 
and the motion of the piston G through its cylinder may be 
made as slow as desired; consequently, when the main pis- 
ton moves too rapidly, the motion of the slide AH will be 
transmitted to the piston G, which will shift the main valve 
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so as to shut off the supply of steam to the main piston and 
thus prevent the pump from running too fast. 

22. The Marsh Steam Pump.—The Marsh valve 
motion shown in Fig. 4 operates without any connection to 
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the piston or rod. The steam piston a is made in two parts, 
each section being provided with a packing ring so arranged 
as to provide an annular space between the two piston halves. 


Steam at boiler pressure is admitted within the pistons by 
means of the tube 0, which is rigidly secured to and is in 
communication with the chambere. A stuffingbox in the 
piston through which it plays prevents leakage into the main 
steam cylinder. A small port @, shown by dotted lines, sup- 
plies steam to the chamber c. When the piston is moving 
to the right, steam is entering from the space 7 through the 
annular opening between the reduced neck of the valve g and 
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bore of the left chest wall f. It is thus projected against the 
inside surface of the valve head / before escaping through 
the port and passing into the cylinder. Both the pressure 
and the impulse due to the velocity of the entering steam 
act on the valve head / and tend to force it to the left, thus 
tending to close the annular opening in the chest wall /. 
The steam flowing through the annular opening and port @ 
into the cylinder also flows through the small ports 7 and e to 
the left of the valve head #. The steam entering through 
these ports is wiredrawn, so that its pressure is reduced, but 
it has a greater area of the valve head / exposed to its pres- 
sure than the steam on the right of &. Hence, the valve g 
moves to a position where the total forces acting on the two 
sides of # are equal and then remains stationary. The 
steam entering through the annular opening in the chest 
wall / is also wiredrawn, so that the pressure on the left of 
the piston @ is below the full boiler pressure existing in 7. 

While the piston @ is moving to the right, the steam on 
the right is exhausting through the port / into the exhaust 
port 7. The exhaust is first closed by the piston running 
over the port f/; as soon as this port is covered, the port e’ 
leading to the right of the valve head “’ communicates with 
the space within the piston containing steam at boiler pres- 
sure, and this live steam rushes into the space to the right 
of the valve head #’. Since the steam pressure on the left 
of /# is less than the pressure on the right of 4’, the valve 
moves to the left, and by doing so closes the left steam 
inlet, opens the left exhaust, and also opens the right steam 
inlet in the chest wall f’. The live steam admitted to the 
right of the piston a first brings it to rest and then reverses 
its motion, The tappets 4 and #’ are used for moving the 
valve by hand in case the valve is stuck. 


DUPLEX PUMPS. 
23. Types.—Duplex pumps, like single direct-acting 
pumps, are made either as piston pumps or as plunger 
pumps. When made as plunger pumps, they may have either 
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inside-packed, center-packed, or outside-packed plungers. 
Piston pumps are preferred for moderate pressures, but for 
pumping against very high pressures the plunger pump is 
generally used. 


24. Slide-Valve Worthington Duplex Pump.—Fig. 5 
is a perspective view of a piston pattern Worthington 
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duplex pump, which shows the general arrangement of the 
valve motion. The two pistons always move in opposite 
directions, and the steam valve for the cylinder a is worked 
from, the crosshead of the piston rod 2 of the cylinder 
through the lever @. This lever passes through the stand- 
ard ¢; it is keyed to a shaft that carries a crank in line with 
it at the other side of the standard, and to this crank the 
valve rod f is attached. The valve rod in turn is hinged to 
the valve stem. The valve of the cylinder ¢ is operated 
from the piston rod of the cylinder @ through the lever g, 
the crank /#, and the valve rod 2. 


25. Fig. 6 is a sectional view through the center of the 
cylinder a, Fig. 5, and shows the construction of the steam 
end peculiar to the Worthington pump. Incidentally it also 
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shows one form of construction of the water end of a double. 
acting pump. The steam valve a isa simple D slide valve 
operated by the valve stem 6. There are two ports com- 
municating with each end of the steam cylinder, of which 
the outer ones c, c are the steam ports and the inner ones d, d 
the exhaust ports. By this arrangement, when the piston 
approaches the end of its stroke, it covers the exhaust port 
and thus confines some steam in the cylinder that serves as 
a cushion. The valve has neither inside nor outside lap, 
and hence steam cannot be used expansively. The steam 
ralve is carried along by coming in contact with check- 
nuts on the valve stem 0, so placed that there is some lost 
motion between them and the valve. By this means the 
steam piston is caused to be at rest for a short time at the 
end of the stroke, which dwell allows the water valves to 
seat quietly. 


26. Inthe water end the water is displaced by a piston ¢ 
provided with suitable packing and working in the cylin- 
der 7. The water flows to the pump through the suction 
pipe connected to the lower nozzle and through the passage / 
to the suction valves z and & The water is discharged 
through the discharge valves / and 7 into the discharge pipe 
connected at z. The operation is as follows: the piston ¢ 
moving to the left, the suction valve z lifts and the discharge 
valve 7#z remains closed, and water flows into the right-hand 
end of the cylinder. At the same time the water at the left 
end of the cylinder flows through the discharge valve /, 
which is lifted by the flow of water, while the suction valve / 
is kept closed. When the piston moves to the right, the 
suction valve # opens and the discharge valve / closes; at the 
same time the suction valve z closes and the discharge 
valve wz opens. The pump is thus seen to discharge and 
take water during both strokes of the piston, and hence is 


double-acting. 


- Piston-Valve Worthington Duplex Pump. — 
Fig. 7 shows the steam end of a Worthington duplex pump 
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in which piston valves are used instead of slide valves. 
The valves are operated in practically the same manner as 
those of the pump shown in Fig. 5, but the lost motion 
instead of being between the valve and stem is obtained by 
a special construction of the valve rod a. This rod is 
divided into two parts. The part attached to the valve 
stem carries a slotted yoke 4; the part attached to the 
crank is free to slide within the yoke and carries a collar c 
pinned to it. The collar ¢ alternately strikes against the 
check-nuts @ and ¢ on the yoke @ and then carries the valve 
with it. The lost motion is quite large, as the valve needs 
to be moved but a shght amount. 


28. The length of stroke is adjusted by the use of the 
so-called dash relief valves 7, 7. These valves control 
passages 7, z connecting the steam ports g, g and exhaust 
ports /, /, and are set by trial to the correct position and 
then docked with the cap nuts 7’, 7. The action is as fol- 
lows: When the piston on its exhaust stroke covers the 
port #, no further exhaust can take place, and the steam 
will be compressed between the piston and the cylinder 
head. The location of the ports 2, % is so chosen that the 
compression will stop the piston just short of the cylinder 
head at the highest speed at which the pump can operate. 
[t is evident that when the pump is working at slow speed, 
the compression being the same as at high speed but the 
momentum of the moving parts being less, the piston will 
stop earlier than at high speed; 1. ¢., the stroke is short- 
ened. The dash relief valves prevent this shortening by 
providing an escape for the exhaust steam after the exhaust 
boris 7,7) are closed,” It as thus seen that by them the 
amount of compression is regulated to suit the speed of the 
pump and the length of stroke is thus kept constant. 

Dash relief valves are applied to pistons over 14 inches, as 
a general rule, and are used with slide-valve pumps as well 
as with piston-valve pumps. In either case they simply 
control a passage by which the exhaust port and steam port 
communicate. 
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MULTIPLE-EXPANSION DIRECT-ACTING STEAM PUMPS. 

29. Purpose.—lIn the simple direct-acting steam pumps, 
no use can be made of the expansive force of the steam. 
They are, therefore, very extravagant in the use Of steam 
and in order to overcome this waste to a greater or less 
extent, many of the larger pumps are made with either com- 
pound or triple-expansion engines. 


30. Compound Pump.—Fig. 8 shows a common method 


of arranging the cylinders for a compound duplex pumping 


oa 


engine. The engine for each pump is made with two cylin- 
ders arranged tandem, the valves for both cylinders being 
driven from the same valve stem. The high-pressure cyl- 
inder is placed outside and connected to the low-pressure 
cylinder by a cast-iron yoke, or spacer e, which forms one 
head for each cylinder. The high-pressure piston rod passes 
through a sleeve in this spacer, as shown; this sleeve is held 
in its place by its flange being gripped between the spacer 
and a plate bolted on to the latter; otherwise the sleeve is 
free to adjust itself slightly, being a free fit in the body. 
The exhaust passes directly from the high-pressure cylinder 
through the pipe # to the steam chest of the low-pressure 
cylinder. Since there is no cut-off in either cylinder, the 
back pressure on the high-pressure piston is at all times 
equal to the pressure on the low-pressure piston, neglecting 
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the resistance to the flow of steam through the ports and 
the pipe 7. 

Since the volume of steam admitted during each stroke is 
equal to the volume of the high-pressure cylinder, and this 
steam, when exhausted, just fills the low-pressure cylinder, 
it is evident that the number of expansions is equal to the 
ratio of the volume of the low-pressure cylinder to that of the 
high-pressure cylinder. Also, since the length of stroke is 
the same for both cylinders, the number of expansions is 
equal to the ratio of the areas of the low- and the high- 
pressure piston. The usual number of expansions for small 
and medium sizes ranges from two tothree. For large sizes 
four expansions are sometimes used. 


383i. Compound pumps are also made in which the cylin- 
der, arrangement is just the reverse from that shown in 
Fig. 8. Insome of these compound pumps the high-pressure 
cylinder has no separate steam and exhaust ports; the com- 
pression and adjustment of length of stroke then takes place 
in the low-pressure cylinder. 


32. Triple-Expansion Pump. —In_ triple-expansion 
pumping engines of the direct-acting class, the arrangement 
shown in Fig. 9 is sometimes adopted for the steam end. 
This design makes all the pistons accessible and at the same 
time avoids the use of a stuffingbox between the high- 
pressure cylinder A and intermediate cylinder 4. The low- 
pressure piston and intermediate piston are connected by the 
piston rod ¢, and the low-pressure piston is connected to the 
high-pressure piston rod by the side rods e, e and the yoke /. 
The piston rod c is nicely finished and grouna and works 
through a cast-iron bushing g, whichis anice fit. This bush- 
ing can move sidewise slightly so as toaccommodate any want 
of alinement between the two cylinders. At the same time 
it prevents leakage of steam from the intermediate cylinder 4 
to the low-pressure cylinder ©. The low-pressure and high- 
pressure stuffingboxes are quite accessible. Access to the 
different pistons is had by removing the covers 4, z, and &. 


2 PUMPS. 8 34 


33. Fig. 10 is a vertical longitudinal section of the pump 
jj whose piston rod and cylinder 
arrangement is shown in 
Fig. 9 and shows the steam 
distribution in this form of 
pump. In the illustration, 


A is the high-pressure cyl- 
inder: /& is the intermediate- 
pressure. cylinder; < 78 the 
low-pressure cylinder; d is 
the high-pressure distributing 
valve: and ¢i¢ are the high- 


pressure cut-off valves. Steam 
enters through the center of 
the valve d@ and _ passes 
through the port / sand 
through the cut-off port ¢ 


into the high-pressure cylin- 
der by way of the port /. 
The .cwt-of is effected” “py. 
turning the rotary valves ¢, e. 


FIe.. 9. 


Exhaust from the high-pres- 


sure cylinder takes place 
through the ports 7, 7 and 


thence into the high-pressure 
exhaust #, which leads to the 
inside of the intermediate 


steam valve 7. The valve /is 


a rotary valve designed to dis: 
tribute the steam exactly in 


the same manner as a com- 


mon D slide valve. The 


intermediate- and low-pressure 
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with cut-off valves. The ex- 


haust steam from the inter- 


mediate cylinder passes out 
through the port mm into the 
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exhaust pipe wz, and 
thence to the center of 
the low-pressure distrib- 
uting valve o. From the 
low-pressure cylinder the 
steam is exhausted into 
the exhaust chest # and 
thence into the condenser 
or atmosphere. Dash re- 
lief valves, not shown in 
the illustration, are pro- 
vided on the low-pressure 
cylinders only. The dis- 
tributing valves are 
worked as usual from the 
pump on the opposite 
side, while the cut-off 
valves are worked from 
the pump on which they 
are placed. 

of. Cross Exhaust. 
Compound duplex direct- 
acting pumps are occa- 
sionally provided with a 
so-called cross - exhaust 
connection, the purpose 
of which is the keeping of 
a more uniform pressure 
in the steam chests of 
the low-pressure cylinders 
than obtains otherwise. 
As shown in Fig. 11, it-is 
simply a pipe @ of ample 
size, which 1s_ provided 
with a valve 6 and con- 
nects the steam chests 
of the low-pressure 
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cylinders. The exhaust from the high-pressure cylinders ¢, ¢ 
flows through the exhaust pipes ¢, d into the low-pressure 
steam chests ¢, ¢, but as the steam pressure there drops 
towards the end of the stroke, there is a diminishing of the 
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impelling force on the steam pistons of the low-pressure 
cylinders that tends to shortenthe stroke. With the valve 6 
open, the exhaust from the high-pressure cylinder of one 
pump can pass to the low-pressure steam chest of the other 
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pump just when the pressure in that steam chest com- 

mences to drop, and in consequence the pressure will be 

kept more uniform, which results in a steady and uniform 

motion. 


HIGH-DUTY ATTACHMENT. 


3d. Purpose. 
stated, is one of the simplest machines for pumping liquids, 
but in order to work at its best requires steam at full 


The direct-acting pump, as previously 


boiler pressure to be carried to nearly the end of the stroke. 
In consequence, if viewed from the standpoint of steam 
consumption, it is a very wasteful machine. The direct- 
acting pump is made more economical by making it com- 
pound or triple expansion, but even with these arrangements 
it is not possible to secure the high ratios of expansion which 
are necessary for extreme economy in the use of steam, and 
hence of fuel, and which are demanded in large pumping 
plants forcommercialreasons. Inthe ordinary steam engine, 
and also in the flywheel pattern of pump, power is stored up 
in the flywheel at the beginning of the stroke and given out 
when expansion begins, in order to have a uniform turning 
of the engine shaft, or a nearly uniform force acting upon 
the water piston in case of a pump. In a direct-acting 
steam pump, however, there are no heavy moving parts 
similar to a flywheel, and hence ordinarily no uniform 
impelling force can act on the water piston ifssteam is 
cut of early im the stroke. “This defect led to the 
design of the high-duty attachment, which is simply 
a device that stores up power during the first half of 
the stroke and gives it out again during the second half, 
thus allowing steam to be used expansively in the steam 
cylinders. 

36. Construction.—The high-duty attachment in actual 
use was designed by Mr. J. D. Davies in 1879 and taken up 
and perfected by Henry R. Worthington. It is shown in 
Fig. 12 applied to a compound direct-acting pumping engine 
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fitted with Corliss valves and cutting off early in the high- 
pressure and low-pressure cylinders. The piston rods are 
arranged so as to avoid internal stuffingboxes, and, in con- 
sequence, the pistons are accessible without having to dis- 
mantle the pump. The two piston rods of the low-pressure 
piston and the high-pressure piston rod are attached to a 
common crosshead a, which runs in guides between the 
pump chambers and high-pressure cylinders. On this cross- 
head and opposite to each other are semicircular recesses. 
On the guide plates are cast two journal-boxes, one above 
and the other below the crosshead, equally distant from it 
and at the point equal to the half stroke of the crosshead, 
In these journal-boxes are hung two short cylinders 6, 6 on 
trunnions that permit the cylinders to swing backwards and 
forwards in unison with the motion of the plunger crosshead. 
Within these swinging cylinders are plungers c, ¢, which 
pass through a stuffingbox on the end of the cylinders, and 
on their outer end have a rounded projection c’, which fits 
in the semicircular recesses inthe crosshead. Consequently, 
as the crosshead moves back and forth, it carries with it the 
two plungers c, c, which, in turn, tilt the cylinders back- 
wards and forwards. These swinging cylinders are called 
compensating cylinders; they are filled with water or 
with whatever fluid the pump may be handling. The pres- 
sure on the plunger within the compensating cylinders is 
produced by connecting the compensating cylinders through 
their hollow trunnions with an accumulator d@, the ram of 
which moves up and down as the plungers of the compen- 
sating cylinders move in and out. The accumulator used is 
of the differential type; that is, it has a snvall cylinder ¢ 
filled with oil or water in which its ram moves, and above it 
has a much larger cylinder ¢@ filled with compressed air. On 
the top of the ram of the accumulator is an enlarged piston 
rod carrying a piston, which fits closely in the air cylinder. 
From this construction it follows that the pressure per 
square inch on the ram of the accumulator will be the pres- 
sure of the air in the air cylinder per square inch multiplied 
by the ratio between the area of the air piston and the ram 
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of theaccumulator. The ratio of these areas is made to suit 
the particular service for which the pump is constructed. 
The pressure in the air cylinder is controlled by the pressure 
in the main delivery pipe of the pump, as it is connected to 
the air chamber / on the main delivery pipe. 


3%. Operation.—The operation of the high-duty attach- 
ment will now be explained. Suppose the pump is about to 
begin the forward stroke. At this time the water cylinders 
will be turned so as to point towards the steam cylinders, 
with their plungers at the extreme point of their outward 
stroke and at an acute angle with the line of motion of the 
crosshead, and with the full pressure of the accumulator 
load pushing them against the advance of the crosshead. 
As the pump plunger begins its forward stroke, each for- 
ward movement it makes changes the angle of the compen- 
sating plungers, until at mid-stroke the two plungers will 
stand exactly opposite each other and beat right angles with 
the pump plungers, in which position they can neither retard 
nor advance the movement of the plunger. Now, as the 
pump plunger passes the mid-stroke position, the compensa- 
ting plungers begin to push the pump plunger along, whereas 
before and up to mid-stroke they resisted the movement of 
the pump plunger. This force increases constantly, until 
at the extreme end of the forward stroke, and when the 
compensating plungers are, as at beginning, at their most 
acute angle, they exert their greatest force in helping to aid 
the pump plunger in its outward movement. The return 
stroke of the pump is made under precisely the same condi- 
tions as the forward stroke. It is readily seen that at the 
beginning of the stroke and up to mid-stroke, work is being 
done in pushing the compensating plungers inward, and that 
after the crosshead passes the mid-position, work is being 
done by the compensating plungers. The effect of this is a 
nearly uniform force on the pump piston with a varying 
pressure in the steam cylinders. 


38. An important feature connected with the use of the 
compensating cylinders is that the results obtained by their 
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use are independent of the speed, in which respect their 
action is better than that of a flywheel. The high- 
duty attachment in some respects also acts as a safety 
device, comparing its action here with that of a flywheel. 


FLYWHEEL PUMPING ENGINES. 


COMPARISON. 

39. Although direct-acting steam pumps cannot be 
excelled in simplicity, low first cost, and small expense for 
repairs, yet they can never be extremely economical in their 
use of steam, even when built compound and triple expan- 
sion. While there is little doubt that a high-duty attach- 
ment will greatly increase the economy, the fact remains 
that at present only a limited number thus fitted are in use, 
and the above statement holds good for direct-acting steam 
pumps of the ordinary design. 


4Q, In large pumping stations and in many other cases 
where the cost of fuel is of more in:portance than the advan- 
tages gained from direct-acting pumps, flywheel pumping 
engines are often used. These are steam engines with 
cranks and flywheels usually designed for the particular 
purpose of driving the pump to which they are attached. 
The steam valves are driven in the ordinary way by means 
of eccentrics, or some approved automatic valve gear may 
be used to operate them. By the use of the flywheel, steam 
may be cut off at the most economical point in the stroke, 
and the surplus energy imparted to the steam piston during 
the first part of the stroke will be stored in the flywheel, to 
be given up towards the end, thus furnishing a nearly uni- 
form driving force for the pump, piston, or plunger. 


EXAMPLES OF FLYWHEEL PUMPING ENGINES. 
41. Fig. 13 shows a section of one side of a Holley- 
Gaskill compound pumping engine. The engine is double, 
the other side being like the one shown in the figure, the 
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two engines having a common flywheel and crank-shaft, 
with cranks set 90° apart. The high-pressure cylinder is 
placed directly over the low-pressure, with short passages 
between them. The connecting-rods from the two cylinders 
are attached to the opposite ends of a short walking beam 4. 
By this arrangement the pistons move in opposite directions 
and the exhaust from the high-pressure cylinder passes 
directly to the low-pressure one. The valves are of the 
Corliss type, with a releasing gear for regulating the cut-off 
in the high-pressure cylinder. The connecting-rod that 
actuates the crank is attached to the upper end of the 
walking beam, and the rod that works the pump plun- 
ger P is attached to the crosshead of the low-pressure 
piston. 


42. Fig. 14 is a front and side elevation of a modern 
high-duty triple-expansion pumping engine erected at the 
North Point pumping station, Milwaukee, Wisconsin. The 
engine is of the vertical inverted three-cylinder type, hav- 
ing the pumps in line with the cylinders, and is condensing, 
the condenser not being shown. Each piston is connected 
to a separate outside-packed single-acting plunger by means 
of pump rods, as a, a. There are four pump rods to each 
plunger, which are joined to the steam crossheads 4, 6 and 
straddle the crank-shaft ¢ in such a way as to allow the 
cranks d, d to rotate freely between them. Two fly- 
wheels ¢e, e are employed to give uniform rotation to the 
machine. In the figure, fis the suction pipe; gis the deliv- 
ery pipe, the delivery from each chamber being connected 
to a common delivery main not shown in the illustration; 
his the air chamber; at z are the suction valves; at & are 
the delivery valves; 4, /are the plungers and mm, # the pump 
chambers; 7 is one of the valve chambers, the upper part of 
which forms the delivery air chamber / and also supports 
the fronts of the bedplates. The rear of the bedplates is 
supported on the masonry foundation. The steam cylin- 
ders are provided with Corliss inlet and exhaust valves on 
the high and intermediate cylinders and Corliss inlet valves 


[0 aa 


wa) V7 A448 


WEIN 


Nie 


S 


SSS 


SS 


SSSSSSSS SSS 


SSSA 


SSNS SSSA 


SRVAMW 


IS 


WAWY 


MG 


We 


(a) 


X WANE 


Di etl 


SS TS 


i ? a hee 
hy 'y - 
=! aan 


ee 
= ee. eG 7 


_ s i 
Ea ais Fr 


& 


8 34 PUMPS. 31 


and poppet exhaust valves on the low-pressure cylinders. 
Large reheating receivers 0, 0 are used between the high and 
intermediate cylinders and between the intermediate and 
low-pressure cylinders. An air pump / is driven directly 
from the plunger crossheads and serves to remove the water 
of condensation, etc. from the condensers. An air-charging 
pump g pumps a small quantity of air into the water in order 
to replenish the air supply in the air chambers. A jacket 
drain pump 7 drains the water from the steam jackets. A 
suction air chamber s is fitted to the extreme end of the 
suction pipe and prevents shocks. 


43. Pumps of the design shown in Fig. 14 are used 
almost exclusively for high-duty municipal water-works ser- 
vice and are extremely economical. This type of pump 
has given a duty as high as 160,000,000 foot-pounds of work 
done per 1,000,000 British thermal units supplied to the 
engine. * 


44, Fig. 15 shows another type of high-duty municipal 
pumping engine, Fig. 15 (a) being a side elevation and 
Fig. 15 (4) the end elevation. This pump is of the crank- 
and-fly wheel type; the motion of the pistons is not converted 
into a rotary motion in the manner shown in Fig. 14, but 
through the intervention of a rocking beam a, which is 
rocked back and forth by the high- and low-pressure piston 
and is connected to the crank and flywheel by the connect- 
ing-rod 6. This design, from its designer, is known as the 
Leavitt design. Pumps of this type have rather more parts 
than the type shown in Fig. 14, but they are not so high 
and are more accessible. The pumps are of the plunger 
type and are inside-packed; in the illustration, c, ¢c are the 
plungers, d, @ the pump chambers, and /, f the inside 
plunger packings. The tops of the pump chambers form 
delivery air chambers. The suction valves are located 


*The duty of a pump isa measure of its performance. It will be 
explained in detail later. 
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at # and the delivery valves are at 7; the delivery pipe 7 
discharges the water through the surface condenser #, thus 
using the delivery water for condensation. A butterfly 
valve / controls the amount of water passing through the 
condenser # The exhaust pipe # from the low-pressure 
cylinder enters the top of the condenser; the pipe ~ leads 
from the condenser to the air pumpv. This pump is double- 
acting and is driven from an arm attached to the beam a. 
Two reheating receivers /, f are used to heat the steam 
from the high-pressure cylinder during its passage to the 
low-pressure cylinder. The lower ends of the pump cham- 
bers rest directly on the bottom of the pump well, which is 
open to the river from which the pump takes its water. 
The water inlets are at g all around the base of the pump. 
It will be noticed by the arrangement of the connections of 
the steam piston and plungers to the beam that the steam 
pistons have considerably more stroke than the water 
plungers and consequently work at a considerably higher 
speed, which is a decided advantage in many respects. 
This pump, which is located at Louisville, Kentucky, gave 
the remarkable duty of 151,672,000 foot-pounds of work per 
1,000 pounds of dry steam used by the engine, which is the 
highest duty on record for any compound engine. 


ROTARY PUMPS. 


45. Numerous attempts have been made to replace the 
reciprocating motion of the piston or plunger as used in 
the ordinary pump by a continuous rotary motion. The 
results have been unsatisfactory in many cases, owing prin- 
cipally to the difficulty in keeping the moving parts from 
wearing very rapidly, thus soon producing leakage. 


46. Fig. 16 shows one of the oldest and at the same time 
one of the best rotary pumps. It consists of a chamber a 
in which two toothed wheels, or disks, 4, 6 revolve in the 
direction shown by the arrows. The teeth of one wheel fit 
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accurately into the spaces between the teeth of its mate; 
and, as the wheels revolve, 
each tooth acts as a piston 
that pushes a certain amount 
of water ahead of it, thus draw- 
ing the water from the lower 
part of the chamber to the upper 
part, as shown by the arrows. It 
is very important that the flat 
faces of these wheels, or disks, 
should be a good fit between the 
cover and the bottom of the 
casing or cylinder, and the edges 
of the teeth also a good fit 
against the sides of the casing. 
Most of the rotary pumps that 
have been at all successful have 
been modifications of the form 
just shown, the principal differ- Berens 
ence being in the number and shape of the teeth on the 
rotating disks. One of these modi- 


fications is shown in Fig. 17. In 
this case the disk @ has two 
teeth, or wings, which act as 
pistons, while its mate 0 has two 


recesses into which the teeth on 
a fit. The shafts of the two disks 
are provided with outside gear- 


ing that makes their relative 
motion positive and always keeps 
them iw their proper relative 


Pic, 1%. position. 


47. Fig. 18 is another modification of the rotary pump 
shown in Fig. 16 and gives a sectional view of Root’s 
eyeloidal rotary force pump. The shape of the disks or 
impellers a@,a@ is such that the working surfaces when in 
contact roll upon each other. The sides of the casing are 
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semicircular and the impellers fit closely. The bearings in 
which the impeller shafts &, 6 run are adjustable in all 


FIG. 18. 


directions by means of wedges. This is claimed to be the 

simplest and most satisfactory rotary pump yet produced. 
48. The Quimby screw pump shown in Fig. 19 is a 

rather peculiar form of a rotary pump. There are two 


Saito Sse 
Fic. 19. 


shafts a,a@ side by side and connected by the gears 4, d. 
Each shaft carries a right-handed and a left-handed screw, 
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and the right-handed screw of one shaft meshes with the 
left-handed screw of the other shaft. The water coming 
through the suction pipe attached at c flows through pas- 
sages in the casing to the outer ends of the screws and is 
drawn towards the center by the revolving screws, from 
whence it is discharged through @ The screws closely fit 
the pump casing and are a close running fit on each other. 
Since the screws are right-handed and left-handed and the 
course of the water is towards the center from the end of the 
four screws, there is no end thrust. The pump may be 
driven by a belt placed on the pulley ¢, or an engine or elec- 
tric motor may be connected directly to it. 


CENTRIFUGAL PUMPS. 


49, Centrifugal pumps depend for their action on the 
pressure produced by the centrifugal force of a quantity of 
water rotated rapidly by the vanes of the pump. Fig. 20 
shows two sectional views of a centrifugal pump and clearly 
shows its construction. The water flows through the suc- 
tion inlet @ into the chamber 4, thus delivering the water to 
the inner ends of the vanes c, c, which revolve in the direc- 
tion of the arrow. When the vanes are revolved, the air 
between them is driven out by centrifugal force, thus form- 
ing a partial vacuum. Water is forced in through the suc- 
tion pipe by the pressure of the atmosphere and fills the 
space between the vanes. The water, of course, is made to 
revolve with the vanes, and the action of centrifugal force 
drives it outwards into the spiral-shaped passage d@, which 
leads it to the discharge pipe connected to the outlet ¢ 


50. Centrifugal pumps are most efficient when working 
under low heads and are seldom used for lifts greater than 
40 feet. For low heads and large quantities of water they 
give excellent results, and are especially useful when the 
water contains grit or other impurities that would destroy 
the pistons and packing or prevent the closing of the 
valves of other pumps. Since there are no valves or other 
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restricted passages, centrifugal pumps have been largely 
used in dredging machines for pumping water containing 
large quantities of mud, sand, and gravel; and, in fact, 
anything can be pumped that will be carried through the 
pump and pipes by a current of water. Centrifugal pumps 
may be belt-driven or be direct-connected to an engine or 
other motor. 


POWER PUMPS. 

51. Definition.—Pumps in which the piston or plunger 
is driven by a crank that receives its motion through a belt 
or gearing from some outside source of power are usually 
called power pumps. 


52. Single Power Pumps.—A single power pump is 
one in which but one pump is driven by the shaft. This 
pump may be either szzgle-acting or double-acting. 


53. Duplex Power Pumps.—When two pumps are 
driven by cranks on a single shaft, the combination is called 
a duplex power pump. The discharge branches from the 
two pumps are generally combined in such a way that they 
discharge through a single pipe; and by a proper arrange- 
ment of the cranks, the flow through the discharge pipe and 
the power required to drive the pumps are made nearly con- 
stant. If the pumps are single-acting and the cranks are 
set 180° apart, the discharge from the two pumps will be 
the same as the discharge from one double-acting pump with 
the same diameter of piston and length of stroke. Duplex 
double-acting pumps, with cranks set 90° apart, are much 
used and give a very steady discharge, since, when one 
crank is on its dead center and its piston, consequently, 1s 
at the end of its stroke and momentarily at rest, the other 
piston is moving at its maximum velocity and discharging 
at its maximum rate. 

54. Triplex Power Pumps.—Three pumps driven by 
cranks on a single shaft form a triplex pump. The most 
common application consists in the use of three single- 
acting plunger pumps with cranks set 120° apart. With 
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such a combination, at least one of the pumps is always dis- 
charging and one taking water from the suction pipe, and 
the flow is therefore continuous and nearly uniform. 


55. Fig. 21 shows a type of triplex belt-driven power 
pump much used for feeding boilers, filling elevated tanks in 


Sa 


buildings, supplying hydraulic elevators, etc. It consists of 
three single-acting plunger pumps driven by cranks set at 120° 
on asingle shaft. A tight anda loose pulley provide the 
means for starting and stopping the pump, without disturbing 
the engine or main shaft. The pulley shaft is geared to the 
crank-shaft by a pinion and spur wheel. / is the suction 
inlet, the discharge opening, and C the air chamber. 


> oo . 
56. Where the supply of power is steady, a belt-driven 


power pump 1s very convenient and economical for the pur- 
poses for which such pumps can be used, since they get their 
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power with the same degree of economy as the engine by 
which they are driven; they are also simple in construction 
and easily operated. 


57%. In locations where there is no steam or other power 
directly available, or where the use of the pump is so inter- 
mittent that a steam plant will not be economical, or where 
the cost of supplying steam is too great, power pumps driven 
by electric motors may be used to advantage. Small pumps 
driven by windmills, hot-air engines, gas engines, etc. are 
much used for supplying water to buildings that have no 
connection with public water works. Small, single-acting 
plunger pumps are most commonly used with these methods 
of driving, although double-acting pumps are sometimes 
.used. Where water-power is available, pumps for city 


water works or for supplying manufacturing establishments 
are often driven by waterwheels. 


MINE PUMPS. 


SERVICH. 


58. Pumps intended for the drainage of mines are proba- 
bly subjected to the hardest usage of any. The water to be 
pumped is generally gritty and frequently it contains a large 
percentage of acids; a very high pressure must generally be 
pumped against and the pump has to run almost continuously 
for long periods at the full limit of its capacity. In most 
cases the mine is located quite remote from supplies; the 
pump of necessity is underground and in a rather limited 
space; it is generally of vital importance that the pump be 
kept running in order to prevent the drowning out of the 
mine, and for the same reason it is desirable that all wear- 
ing parts be very accessible so that repairs can be made in 
the shortest time. Furthermore, it is desirable that the 
pump continue at work even when covered entirely with 
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water. The exigencies of the service have led to designs of 
pumps especially suited for the work. While they do not 
differ essentially from ordinary pumps, they have generally 
a different arrangement of water end. Nearly all mine 
pumps are of the plunger pattern, the plunger pump, by 
reason of the ease with which leakage can be stopped, being 
best adapted for high pressures. 


59. Mine pumps are either pit pumps, direct-acting steam 
pumps, or power pumps. By a pit pump is meant a pump 
having its water end located at the bottom of the mine and 
connected to a steam engine or other motor at the surface 
by rods. Pit pumps are the oldest type of mine pump and 
are still used to some extent. 


TYPES OF MINE PUMPS. 


CORNISH PUMPING ENGINE. 


60. Until within comparatively recent times, the so- 
called Cornish pumping engines have been the only ones 
used for removing the water from the mines. This engine 
was invented by Watt for use in the mines of Cornwall and 
was the first really effective steam engine made. An illus- 
tration of a Cornish pumping engine is shown in Fig. 22. 
The cylinder A is single-acting; that is, the steam acts only 
on one side of the piston. The piston rod / is connected to 
the walking beam C by a link XR. In Cornish pumping 
engines, the steam is admitted through the valve in / to 
the top of the piston and forces it down towards the bottom 
of the cylinder. The weight of the pump rods and other 
moving parts in the shaft, which parts are called the pit 
work, is sufficient to raise the piston to the top of the cyl- 
inder when the steam on the upper side of the piston is put 
in communication with the lower side. The cylinder A is 
steam-jacketed; that is, the cylinder walls are hollow and 
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filled with steam in a manner similar to the water-jacket of 
an air compressor, the steam entering through the pipe A’ 
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FIG. 22. 


61. The action of the pump is as follows: Steam is 
admitted to the upper side of the piston througha valve in /, 
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which is operated by means of a tappet rod 77. The steam 
is of high pressure and forces the piston rod downwards and 
at the same time raises the pit work. This gathers momem- 
tum while coming upwards, and the steam is cut off, expand- 
ing during the rest of the stroke. Just before the end of the 
stroke, what is termed an eqguelibrium valve, also located in 
the casing at /, opens and allows the steam in the upper end 
of the cylinder to communicate with that in the lower end. 
The two pressures being thus balanced, the heavy pit work 
causes the right end of the walking beam C to descend, 
raising the piston to the top of the cylinder again. The 
exhaust valve is located at Z. When this is raised, the 
exhaust steam flows through the pipe J7/ into the condenser O. 
P isasmall pump used in operating the condenser. £ isa 
catch intended to act in case the valves should fail to work. 
The piston rod passes between two blocks, of which / is 
one, the other being opposite. If the left end of the walk- 
ing beam should descend too far, a crosspiece on the catch 
rod / is caught by the blocks / and prevents any further 
downward movement of the piston, 


BULL ENGINE. 


62. In Fig. 23 are shown two views of a Cornish Bull 
engine and pump. Thisstyle of pumping engine is made by 
many firms and differs but very little in regard to details. 
Here the walking beam is dispensed with and the cylinder 
is placed directly over the shaft, the pit work being attached 
to the piston itself. In this case also the cylinder is single- 
acting, the steam being admitted below the piston instead 
of above it, as im the engine described im Pig. 22.9 dhe 
condenser is usually omitted in this class of pumps, the 
steam exhausting directly into the atmosphere. In case 
the weight of the pit work should be greater than necessary 
to force the water up the required height, the extra weight 
is counterbalanced. 


63. The Bull pumping engine possesses several advan- 
tages over the Cornish pump. The heavy walking beam 
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and its connections are dispensed with; this lessens the first 
cost; the friction is greatly reduced; the advantage of having 
a direct-acting engine is also obtained. The principal dis- 
advantage is that the pump being directly over the shaft, 
takes up a great deal more room where space is necessary 
than the Cornish pump. 


64. Cornish and Bull pumps both use steam expansively. 
They do not have flywheels to absorb the energy of the early 
part of the stroke and give it out again at the end, but 
utilize the heavy pit work to accomplish the same purpose. 
The number of expansions ranges from four to ten; that is, 
the steam is cut off from + to ;, stroke. When using more 
than six expansions (4 cut-off), the strain produced on the 
machinery becomes very heavy, and the resulting wear 
and tear of the machinery more than makes up for the 
increased economy in the use of steam. Many engineers 
claim that four expansions are the most economical. 


PIT-PUMP ARRANGEMENT. 

65.. The arrangement of the pump driving mechanism, 
pit work, and balancing mechanism in a deep mine shaft is 
shown in Fig. 24. In this case an ordinary horizontal 
engine is used at the surface, which works the pumps 
through the intervention of a gear train and a connecting- 
rod and crank, the connecting-rod being attached to the bell- 
crank 4. On account of the great length of the rod (over 
1,600 feet), its weight added tothe weight of the plungers is 
considerably more than the weight of the water column; 
hence, to save the extra power which would be required to 
be used in raising this extra weight, it is counterbalanced. 
A counterbalance weight XY is placed on one end of the bell- 
crank A; two other bell-cranks, B and’C, are located down 
the shaft, one end carrying the counterweight VY and the 
other end being connected to the pump rod by means of a 
link and’ the cast-iron offsets D and #. The water is raised 
by four lifts, the first, to A, being 360.8 feet, and the other 
three 328 feet each, In this particular instance, the waiter is 
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discharged into a tunnel JV, about 300 feet below the surface. 
The pump rod goes straight down the shaft and the dis- 
charge pipes are placed alternately on each side of it. / isa 
suction pipe. / is a bracket, one end of which is attached to 
the pump rod and the other end tothe pump plunger J On 
the down stroke, the water is forced out of the pump cylin- 
ders and up the pipes Q, RX, S, and U, discharging at K, Z, 
M,and NV. The same pit work and pump arrangement may 
be and is used for Cornish and Bull pumps. 


66. The use of a geared engine possesses several advan- 
tages over the Cornish or Bull pumping engines. The fly- 
wheel permits a more even distribution of the power. The 
length of the stroke is always the same, and there is no 
danger of damage caused by the piston being blown through 
the cylinder head, should the valve gear refuse to work. 


WATER END OF PIT PUMPS. 


6%. Comparison of Lifting and Force Pumps.—The 
water end of a pit pump may bea lifting pump or a force 
pump. The lifting pump is generally considered inferior to 
the force pump (which latter is almost invariably of the 
plunger pattern) for mine work. 

It is easier to specify the objections to lift pumps than to 
state their advantages over the plunger pumps. The pump 
rod, being necessarily inside of the delivery pipe, reduces the 
effective area of pipe and increases the friction of the water 
to some extent, owing to the added surface rubbed against. 
The rods are concealed and cannot be inspected without 
removing the entire rod. Not only do the bolts and rods 
sometimes break, thus rendering their recovery difficult, but 
the bolts will wear against the stocks, causing loss of power 
by friction and destroying the pipes. Lift pumps are not so 
liable to sudden injurious strains as the plunger pumps. 

The plunger type of pumps is superior to the lift pump in 
nearly every respect for very high lifts with the accompany- 
ing heavy pressure or when dirty water is being raised. 
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When pumping against a heavy pressure, it is impossible to 


ii} 


keep the piston of lift pumps tight and pre- 
vent the water from leaking. The piston 
and cylinder of the lift pump must in every 
case be a perfect fit and be truly cylindrical. 
With plunger pumps, on the contrary, the 
rod passes through a stuffingbox, and the 
plunger may or may not fit the cylinder. 
When pumping dirty water, the grit comes 
in contact with the surface that the piston 
of a lift pump is constantly traveling over 
and destroys both the cylinder and piston 
very rapidly; whereas, the plunger has to 
be kept tight at only one permanent place, 
and the dirt cannot very well get at the 
surface of the packing on which the plun- 
ger or plunger rod rubs. Every part ofa 
plunger pump can be readily examined 
and repaired without being obliged to take 
down the whole apparatus. 


68. Example of a Lifting Pump. 
In Fig. 25 is shown a section of a lifting 
pump for use in mines. The pump consists 
of a series of pipes connected together, of 
which the lower end only is shown in the 
figure. That part of the pipe included 
between the letters A and & forms the 
pump cylinder in which the piston P? works. 
The part above the highest point of the 
piston travel is the delivery pipe, and the 
part below the lowest point of the piston 
travel is the suction pipe. When speaking 
of these parts as applied to mine pumps, the 
delivery pipe is usually termed the working 
barrel, and the suction pipe the wind bore. 

In mine pumps, the lower end of the 
wind bore is pear-shaped and perforated 


SAnAAaASAeSUVVOERUTELELSE ATES 


l= 


cm 


Fic. 26. 


8 34 PUMPS. 49 


with many small holes to keep solid matter in the water 
from entering the pump and destroying the valves. In some 
cases, the pear-shaped end is covered with gauze for the 
same purpose. A bonnet C may be removed to allow the 
suction valve to be repaired, and a bonnet /) gives access 
to the piston and its valves. The pump rod is made of 
wood strapped with iron and is connected to the piston in 
the manner shown by the illustration. 


69. Example of a Foree Pump.—Fig. 26 shows one 
design of a force pump of the plunger type as used for a pit 
pump, Fig 26 (2) being a section showing the pump cylinder 
and valves, and Fig. 26 (0) showing an elevation of the 
whole water end drawn toa smaller scale. The plunger A 
is hollow, the weight of the heavy rod 4 and connections 
being sufficient to raise the water to the required height. 

Suppose the plunger to be on the down stroke; the valvec 
is then closed and the water filling the pump cylinder is 
forced through the valve Y, which it opens, and up the 
delivery pipe &. When the plunger reaches the end of its 
stroke and begins its return, the weight of the water forces 
the valve D to its seat, retaining the water above it in the 
discharge pipe /. As the plunger moves upwards it leaves 
a partial vacuum behind it, causing the water to rush up the 
suction pipe /, lift the valve c, and fill the pump cylinder. 
The plunger makes another downward stroke and the above 
process isrepeated. A support G is attached to the delivery 
pipe, the lower end resting ona foundation. This is neces- 
sary, since the great weight of the water in the discharge 
pipe and the weight of the pipe itself would break it off at 
the bend unless supported in some such manner; otherwise, 
the thickness of the metal around the bend would neces- 
sarily be enormous. 


7O. A top view of the valves is shown in Fig. 26 (c). 
They consist of six triangular valves arranged in a circle, 
with their apexes pointing towards the center. These six 
valves turn upwards on hinges and are prevented from 
going too far by the projection @; see Fig. 26 (@). ‘Three 
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of the valves have been removed so as to show the amount 
of valve opening that they give. When the valves are open, 
they form an angle of about 45° with their position when 
closed. 


SINKING PUMPS. 


G1. Purpose.—When putting downa new shaft or deep- 
ening an old one, the so-called sinking pump its used to 
drain the water from the shaft bottom so that the work may 
proceed. These pumps must necessarily be portable and 
are suspended by a chain attached to eyebolts in the pump. 
They are also provided with wrought-iron clamps, by means 
of which they may be attached to the timbers in the shaft 
when it is desired to fix them in position temporarily. 
Hence, as the shaft gets deeper, the chain may be length- 
ened out, an extra joint placed on the upper end of the 
delivery pipe, and it is again ready for business. The sink- 
ing pump is subjected to the hardest usage of any mine 
pump. The water pumped is invariably gritty and often 
acid. The water trickling down on the pump from above 
carries mud along with it and so completely covers the 
pump that it is hardly distinguishable at times from the soil 
itself. Notwithstanding all this, a sinking pump must 
work night and day, often up to the limit of its capacity, 
and its failure, even for a day, at a critical period may flood 
a shaft which would require a week or more to recover. 


472. Steam Sinking Pump.—In Fig. 27 a Cameron 
sinking pump is illustrated. This pump meets all the con- 
ditions required of a sinking pump and is a favorite with 
mine operators. There is no outside valve mechanism 
whatever, and nothing short of actual breakage of the pump 
itself or of the steam, suction, or delivery pipe can prevent 
the pump from working. The manner of suspending it 
from a chain is shown in the illustration, also the method of 
attaching it to the shaft timbers. In order to more clearly 
show the working of the valves and plunger, a partial section 
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of the pump is given in the figure. The pump has one 
plunger, but is double-acting by reason of its peculiar con- 


struction. It will be noticed that leakage past the plunger A 
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FIG. 27. 


is prevented by two stuffingboxes and glands placed in the 


center of the pump cylinder; a pump having this arrange- 


ment is said to be ecenter-packed. 
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The action of this pump is as follows: Suppose the 
plunger to be moving downwards. The water is forced out 
of the chamber Z, which communicates with the delivery 
pipe H by means of the valve C, and lifts C, thus flowing 
into H. As the plunger moves down it leaves a vacuum 
behind it; the water in the shaft rushes up the suction 
pipe G, raises the valve J), and fills the upper part of the 
plunger cylinder. When the stroke is reversed, the valves C 
and D close, and the valves & and / open, the water being 
forced up the pipe 7 through the valve 4, and the cham- 
ber Z is filled through the opening of the valve 4. / is the 
air chamber. The section shown by the view on the right 
is taken in a rather peculiar manner, the greater part being 
taken through the center line of the engine so as to show 
the plunger, stuffingboxes, etc., and the part showing the 
valves being taken on the center line of the valves & and D 
of the view on the left. 


73. Electric Sinking Pump.— While most sinking 
pumps are steam-operated, electrically driven sinking pumps 
are also used. Fig, 28 
shows a duplex elec- 


tric sinking pump 
of the center-packed 
type, the stuffing- 
boxes being shown 
ae iio “Piet SEye 
plunger rods & and & 
operate the plungers. 
A clamping piece D 


is used for attaching 
the pump to the 
shaft timbers; an eye- 


bolt G is used for sus- 


pending the pump 
from a chain. The 
water enters through 
the suction pipe 7 and leaves through the discharge pipe A. 


I ih 
feet tn 


FIG. 28. 
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An air chamber C is fitted to the valve chamber. The elec- 
tric motor is within the water-tight casing above the water 
end and is protected by it, so that the pump can work just 
as well under water as above it. 


DIRECT-ACTING STEAM PUMPS FOR MINE WORK. 

74. Pumps Used.—Direct-acting steam pumps used for 
mine drainage are almost invariably of the plunger pattern. 
Most of them are duplex, but a number of single double- 
acting steam pumps are in use. Formerly, all the mine 
steam pumps were simple direct-acting pumps, but of late 
years compound and even triple-expansion pumps have 
grown in favor, and even crank-and-flywheel pumps driven 
by compound Corliss engines are now extensively used on 
account of their superior economy. Most of the pumps are 
of the double-plunger type, there being two plungers to each 
water cylinder, and the stuffing boxes are located on thé out- 
side, thus making the pumps ovfside-packed. Some mine 
pumps are center-packed and use but one plunger for each 
water cylinder. 


75. Simple Double-Plunger Pump.—Fig. 29 shows a 
side view of a simple direct-acting single mine pump of 


FiG. 29. 


the double-plunger type. The two plungers / and /” carry 
yokes H, H7 at their outer ends and are tied together by 
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side rods,as 7. The plunger / is attached directly to the 
piston rod P. Suppose the steam piston in ) to be moving 
to the right; the plunger / is then forcing water into the 
chamber G and up the discharge pipe 4. Since the plunger /” 
is moving out of the water cylinder (it will be understood 
that the cylinders in which “and /’ work are divided by a 
water-tight partition at 1’), water flows in through the suc- 
tion pipe, and when the pump makes its return stroke, /”’ 
does the forcing while water flows into the cylinder in 
which F# works. It is thus seen that by the use of two 
plungers connected as shown, the pump is made double- 
acting. Stuffingboxes A and KX’ are used for packing the 
plungers. 


76. Compound Double-Plunger Pump.—The internal 
arrangement of a double-plunger pump is shown clearly in 
Fig. 30, which is a sectional view of one side of a Jeanesville 
compound duplex mine pump designed for heavy pressures. 
The section shows one of the plungers / working inside its 
chamber; G is the partition that separates the two cham- 
bers. The outer end of each plunger is supported by a 
shoe A working on a slide /. JZ is the suction pipe with 
branches leading to the suction valve chambers /, /; the 
discharge valve chambers /7, 7 connect with the discharge 
pipe shown just cver the pump cylinders. As shown in the 
figure, there are two suction and two discharge valves for 
each plunger. The usual arrangement for pumps of this— 
size is to have a great number of small valves instead of a 
few large valv +s, as shown, but for mine work the sulphur in 
the water destroys the valves rapidly and the large valves 
are more quickly and cheaply replaced. A is the main and 
B the auxiliary throttle; C is the high-pressure cylinder, 
from which steam goes to the low-pressure cylinder through 
the pipe D. The valve gear of the steam end is prac 
tically the same as that of Worthington pumps, and the 
steam valves of one side are operated from the piston rod 
of the other side. Steam is carried full stroke in all 
cylinders. 
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éé. Triple Expansion Center-Packed Pump.—Fig. 31 

is a side view of one side of a triple-expansion duplex Worth- 

ington mine pump having plungers which are center-packed., 
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The type of water end used with this pump has been given 
the name of Scranton type by the makers. Sectional 
views of the steam cylinders of this pump have already been 
given in Figs. 9and 10. The plunger a is connected to the 
piston rod 6 and works in the pump chambersc¢ and @, which 
have the suction valves on the bottom and the delivery 
valves on top. The suction pipe is connected at ¢ and the 
delivery valve at f- An air chamber g on the delivery 
absorbs shocks and promotes a steady delivery. The pump 
is double-acting. 


FLYWHEEL PUMP. 

78. Fig. 32 (a) is a side view of the high-pressure side of 
a duplex pump driven by a cross-compound Corliss engine, the 
pump being of the double-plunger type. Fig. 32 (4) isanend 
view of the water end of both pumps, looking towards the 
engine, and Fig. 32 (c) is an end view of the engine, looking 
towards the flywheel, the observer being supposed to stand 
between the pumps and the engine. The plungers a and 0 
are connected by yokes c,¢ and rods da, d and are driven 
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directly by the piston rods of the high-pressure and low- 
pressure cylinders, which for this purpose are prolonged 
beyond the pistons and pass through the back cylinder 


heads. 


79. The pump cylinders have the necessary diaphragm ¢ 
in the center, and each pump cylinder has two valve cham- 
bers f, f’ containing the suction valves and two valve 
chambers ¢, g’ containing the delivery valves. These valve 
chambers are placed on both sides of the pump cylinders. 
The four suction-valve chambers of each pump connect to 
the common suction branch /#, and the two branches in turn 
are connected to the suction main by a Y fitting not shown 
in the illustration. The four delivery chambers of each 
pump are connected together by branch pipes, and these 
branch pipes in turn discharge into a common main delivery 
pipe. 


80. A reheating receiver z is placed between the high- 
pressure and low-pressure cylinders. The low-pressure 
steam-inlet valves are placed beneath the low-pressure cylin- 
der; the low-pressure exhaust valves are on top and exhaust 
directly into the condenser &, which is placed on top of 
the low-pressure cylinder. The high-pressure valves are 
arranged in the usual way. The engine is provided with a 
variable speed Porter governor /, by means of which the 
speed of the engine may be varied to suit the requirements 
of the service. 


$1. The particular pump illustrated has cylinders 
32 inches and 60 inches in diameter and a 48-inch stroke, the 
plungers being 133 inches diameter. It was designed by 
the Dickson Manufacturing Company, of Scranton, Pennsyl- 
vania, to pump water highly charged with sulphuric acid 
against a head of 700 feet. To guard against corrosion, the 
pump cylinders, valve chambers, and all pipes were lined 
with lead and the plungers and valves made of acid-resisting 
composition. Owing to the high economy possible through 
the use of a compound condensing Corliss engine, this is 
fitly called a “‘ high-duty mine pump” by the builders. 
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DISPLACEMENT PUMPS. 


DEFINITION AND CLASSIFICATION. 


$2. A displacement pump is a pump in which there is 
a complete absence of moving parts and where the fluid to 
be pumped is moved by steam or compressed air. Of 
the steam-operated displacement pumps, the best known is 
the pulsemeter, the Harrts compressed-atr direct-air-pressure 
pump and the Pohklé air lift are the best known air-operated 
displacement pumps. 


THE PULSOMETER. 


33. Fig. 33 shows a perspective view and Fig. 34 a 
sectional view of a pulsometer of the latest manufacture. 
In the sectional view the full lines represent the left-hand 
half and the dotted lines indicate the position of the dis- 
charge valves in the right-hand half of the pulsometer 
shown in Fig. 33. In the following description, the letters 
reer to both feures; “Dhe steam pipe is connected at £ 
and the suction pipe at S. Cis an air chamber that has no 
connection with Land A, but communicates with the suc- 
tion pipe by means of the opening / situated below the 
suction valves /and G. The two latter valves are made of 
flat rubber and are held to their seats, as shown in the 
figure, by means of the spindles X and 7. The spindles are 
raised and lowered, as the case may require, by means of 
the bolts fand ce. , A are plates that may be removed to 
facilitate the examination of the valves. isa hard-rubber 
ball that acts as a valve for admitting the steam to the cham- 
bers A and &. Mand WN are exhaust valves, also made of 
rubber and situated in the chamber Z attached to the 
other half of the cylinder. They are raised and lowered in 
the same manner as the suction valves by turning the 
bolts g and #. XK is the delivery or column pipe. 
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84. The action of the pulsometer is as follows: Both 
chambers 4 and V# are filled with water to about the height 
of the water in 4, Fig. 34. The valve dis then opened and 
the steam enters one of the two chambers A and £4. Sup- 


pose it enters &, the valve D being at the right, as Shown. 
Che water in / will be forced through the delivery valve V 
into and up the column pipe A. This will continue until 
the water level gets below the edge of the discharge 
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opening P. At this point the steam and water mix in the 
discharge passage and the steam is condensed, creating a 
vacuum in 4. The pressure in 4 is now greater than that 
in /, owing to the vacuum in /, and the ball valve D is 
shifted to the left, the steam entering the chamber A and 
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driving the water through J/ into the passage O and column 
pipe K in the manner just described. While this is being 
done, the pressure of the atmosphere forces the water up 
the suction pipe S, opening the suction valve /, and into 
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the chamber JZ, filling it. When the suction valve is closed, 
owing to the reshifting of the ball valve D to the other side, 
the suction water enters the air chamber C through the 
inlet / and is brought gradually to rest by the compression 
of the air in C, thus preventing a shock owing to the sud- 
den stoppage of the inflowing water. When the water in 4 
has reached the level shown, the steam in A is condensed, 
the ball Dis shifted to the right, and 4 becomes the driving 
chamber. 


85. In Fig. 33 are shown three small air valves a, 0, 
andc. The valve c admits air to the air chamber C, to 
replenish that which is lost through leakage and through 
absorption by the water. The valves a and 4 admit a small 
quantity of air to the chambers A and JS, respectively, just 
before the suction begins. This injures the suction some- 
what, but is necessary for two reasons: First, it acts as a 
regulator, governing the amount of water admitted to the 
chambers; and, second, it prevents the steam from con- 
densing before the water gets below the edge of the dis- 
charge outlet. These valves open inwards, as before stated. 
Suppose there is a vacuum in A owing to the condensation 
of the steam. The atmospheric pressure forces open the 
valve a and admits a little air to the cylinder. The-incom- 
ing water compresses this air and soon closes the valve. 
When the air has been compressed to such an extent as to 
balance the outside pressure of the atmosphere, the suction 
valve G will close and no more water can get in. Since the 
same thing occurs in the other chamber, it is evident that 
the amount of air admitted controls the amount of water 
admitted during the suction period, more water entering 
when there is less air in the chamber and vice versa. The 
admission of the air is controlled by turning the valves a 
and 6, and these can be so adjusted that the suction valve 
in either chamber will close at the instant the ball is shifted 
to the other side, admitting the steam. 

Moreover, the air prevents the steam from coming in con- 
tact with the water during the forcing process, until the 
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water level has sunk below the edge of the discharge orifice. 
Air being a poor conductor of heat, the steam does not 
condense until the mixture of the steam and water has 
taken place. 


86. When the barometer stands at 30 inches, the pulsom- 
eter will raise water by suction to a height of about 
26 feet, although it is not advisable to exceed 20 feet, and 
force it, when necessary, to a height of 100 feet. It has no 
wearing parts whatever except the valves, which are easily 
and cheaply repaired. It will work in almost any position, 
and when once started requires no further attention. 
There are no parts that can get out of order. It will pump 
anything, including mud, gravel, etc., that can get past the 
valves. Its first cost is low and it requires no foundations 
to set up. There is no exhaust steam to make trouble and 
no noise. 


THE DIRECT-AIR-PRESSURE PUMP. 

8%. The direct-air-pressure pump here shown is the 
design of Professor Elmo G. Harris and is one of the simplest 
forms of pump. The pump is shown in diagrammatic form 
in Fig. 35. There are two pump tanks a and 4, which are 
fitted with suction valves c and d@ and discharge valves 
eand f. The two tanks are connected to the common suc- 
tion pipe g and both discharge into the same discharge 
pipe %. The tops of the pump tanks are connected by 
pipes 2 and #& to an air compressor 7, and by means of an 
automatically operated four-way cock /, either tank can be 
connected to the compressor side of the air compressor. 
The operation is as follows: with the cock /in the position 
shown, the tank 0 is connected to the suction side of the air 
compressor, and hence a vacuum is formed in the tank d. 
Consequently, the water in the supply is forced by atmos- 
pheric pressure up the suction pipe g, lifts the valve d@, and 
passes into the tank 6. At the same time the tank @ is con- 
nected to the compressor side, and the air pressure on top of 
the water forces it out, the water holding the suction valve ¢ 
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closed but opening the delivery valve ¢ and passing up the 
discharge pipe“. When the tank ais nearly empty, the tank 0 


i 


FIG. 35. 


is nearly full; the cock /is then turned automatically so as 
to bring the tank a2 in communication with the suction side 
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of the air compressor and the tank @ in communication with 
the compressor side. The water now flows into @ and out 
of 6, and the cycle of operations is repeated as long as the 
air compressor is working. The height to which water can 
be forced obviously depends on the pressure to which the air 
is compressed. 


THE POHLE AIR LIFT. 


88. The Pohle air lift is much used for pumping water 


from artesian wells; it is operated by means of compressed 
air and has no moving parts. It is not affected by sand or 


FIG. 36. 


grit and the water is benefited to a considerable extent by 
the action of the air, in that it purifies and cools the water 
while it is being pumped. Other advantages claimed for 
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this device is that it increases the yield of an artesian 
well from two to five times; also, the full area of the well is 
available for a flow of water. Compressed air is supphed by 
means of an air compressor at the surface, which may be 
located in any convenient position, or one air compressor 
may supply several artesian wells. 


89. The operation of the pump is as follows: Two 
properly proportioned pipes are inserted in the well, using 
either of the three arrangements shown in Fig. 36. Com- 
pressed air is supplied through the pipe a to the bottom of the 
well tube 6. At the beginning of the operation the water 
inside and-outside of the pipe is at the same level. 
When air is forced in through the pipe @, it forms alternate 
layers with the water, so that the pressure per square inch 
of the column thus made up of air and water inside of the 
water pipe is less than the pressure per square inch outside 
the pipe. This difference of pressure causes a continuous 
flow from the outside to the inside of the water pipe, and its 
ascent is constant and is free from shock or noise of any kind. 
The strata of compressed air in their ascent prevent any 
slipping back of water. As each stratum progresses 
upwards to the spout, it expands on its way in proportion 
to the overlying weight of water, so that the pressure of the 
air gradually becomes less and finally reaches the atmos- 
pheric pressure. 


WATER ENDS OF RECIPROCATING 
PUMPS. 


TYPES OF WATER ENDS. 


90. Reciprocating pumps are either single-acting or 
double-acting. Single-acting pumps are either lift pumps, 
one of which is shown in Fig. 25, or outside-packed plunger 
pumps with one plunger, as shown in Fig 26, or outside- 
packed double-plunger pumps, as shown in Figs. 29, 30, 
and 32. Double-acting pumps are force pumps of the piston 
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or plunger pattern.’ Piston pumps, by reason of their con- 
struction, are inside-packed, and such a pump is shown in 
Fig. 6. Double-acting plunger pumps are inside-packed or 
center-packed. Attention is here called to the fact that 
outside-packed double-plunger pumps are often, but errone- 
ously, considered as double-acting. While they give a dis- 
charge equal to that of a double-acting plunger pump, it is 
obtained by combining two single-acting plunger pumps to 
discharge into the same delivery pipe, and hence it is incor- 
rect to call such a pump a double-acting pump. They are 
properly called duplex pumps. 


91. Fig. 37 shows the water end of a double-acting 
inside-packed plunger pump. The pump chamber is 
divided into two parts by a partition a, through which the 
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plunger 6 works back and forth. A water-tight joint between 
the plunger and partition is made either by a closely fitting 


bronze-lined bushing c or a regular stuffingbox and gland 
and fibrous packing. On either side of the partition is a set 
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of suction valves d, @' and delivery valves e¢, e’. The water 
enters the pump through the suction pipe, which is connected 
at / and flows into the suction-valve chamber 2, from whence 
it passes to either side of the partition @ and then into the 
delivery-valve chamber /and into the delivery pipe connected 
at 7. When the plunger moves to the right, it displaces the 
water on the right of the partition @; the suction valve d@’ is 
closed by the pressure existing there, while the delivery 
valve ¢’ is open and the water discharges into”. Ats the 
same time the plunger creates a partial vacuum at the left 
of the partition a and, hence, water flows through the open 
suction valve d into the left pump chamber. The delivery 
valve ¢is kept closed by the pressurein “. When the plunger 
moves to the left, the suction valve d@' and delivery valve e 
open and the suction valve d@ and delivery valve e’ close. It 
is thus seen that the pump discharges during either stroke 
of the plunger, i. e., the pump is double-acting. 


92. Fig. 38 shows a sectional view of the water end of a 
center-packed double-acting plunger pump, the stuffing- 
bexes @ and 6 being used for packing the plunger c. The 
action of the pump is identical with that of the pump shown 
in Fig. 37, that is, when the plunger moves to the right the 
suction valves d, d and delivery valves ¢, e are open and the 
suction valves /, fand delivery valves g, gareclosed. When 
the plunger moves to the left, the suction valves /, f and 
delivery valves g, g are open andthe suction valves @d, dand 


delivery valvese, e are closed. 


93. The water end of a double-plunger pump for high 
pressures is shown in Fig. 39. The two plungers a, 6, as 
usual, are connected by yokes and side rods outside of the 
pump. The rods z,z tie the water end to the steam end. 
Each plunger has its own suction valve e and delivery valve /, 
The suction valves communicate with a common suction 
chamber, to which the suction pipe c is attached. At d@ the 
discharge pipe is shown. Plugs g, g when removed give 
access to the valves. A standard / supports the water end 
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on its foundation. The illustration clearly shows that each 
plunger is single-acting, but that the discharge is equal to 
that of a double-acting pump. Pressure pumps do not differ 
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in their operation from ordinary pumps; all parts are simply 
made extra heavy so as to stand the high pressure, and for 
very high pressures steel is substituted for cast iron in the 
water end. 


94. Fig. 40 shows in diagrammatic form two forms of 
a plunger pump that is double-acting and is known as a 
differential pump. Its distinguishing feature is that it 
needs only one set of suction valves and delivery valves. 
Fig. 40 (a) shows the arrangement used for two plungers a 
and 6, which are connected together by yokes and side rods. 
In Fig. 40 (@), the two plungers are connected directly 
together. In both designs one plunger, as a, has exactly 
double the area of the other plunger 6. This fact must be 
carefully borne in mind. Since the stroke of both plungers 
is the same, it follows that the larger plunger in Fig. 40 (a) 
will displace double the quantity of water that the smaller 
plunger displaces. In Fig. 40 (8), the left-hand side of the 
plunger @ displaces double the quantity of water displaced 
by the plunger J. In both designs ¢ is the suction valve 
and @ the delivery valve. 


95. The operation of the differential pump shown in 
Fig. 40 (a) is as follows: The pump being filled with water 
and the plungers moving to the right, the suction valve is 
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open and the delivery valve closed. The plunger 4, or the 
right-hand side of the plunger a in Fig. 40 (6), forces a 
volume of water equal to its displacement out of the cham- 
ber ¢ and up the delivery pipe 7 At the same time, double 
the volume of water is drawn into the suction chamber 4. 


FIG. 40. 


Now, assume that the plungers move to the left. The suc- 
tion valve is then closed and the delivery valve is open, and 
double the quantity of water discharged during the stroke 
to the right now flows into the chamber ¢. But while this 
is going on, the volume of the chamber e increases by the 
receding of the plunger 2, or the outward movement of the 
plunger a in Fig. 40 (4), by an amount that at the end of 
the stroke is equal to exactly one-half the amount dis- 
charged into it, so that the outflow into the delivery pipe is 


70 PUMPS. § 34 


only one-half of that discharged into the chamber e. This 
outflow is equal to the displacement of the small plunger, 
or the right-hand end of the plunger a@ in Fig. 40 (0), and 
hence the same amount of water is discharged during both 
strokes. 


RIEDLER PUMPS. 


96. Development.—Riedler pumps are the invention 
of Professor Riedler and are a type of pump designed for 
running at very high speeds. By study, experimenting, and 
careful noting of cause and effect, he discovered several very 
important phenomena. He found that there was much 
greater resistance to the flow of water through the valve 
passages and ordinary pumps than was before this thought 
to exist. He further found that the slip of ordinary valves is 
very large, and that even when small hasa great tendency to 
cause severe hydraulic shocks throughout the pressure parts 
of the pump. He,also was aware that the frictional resist- 
ance to the passage of a certain quantity of water through 
a large number of small openings is much greater than that 
existing when the same quantity of water passes through 
a single opening equal to the combined area of the 
smaller ones. With these facts in view, Professor Riedler 
designed a pump valve having the useful valve area as 
large as possible and containing as few separate passages 
as is consistent with good construction. He substituted 
one large valve for many small ones, thus decreasing the 
friction of the water, in the valve passages. The reduc- 
tion of the slip was accomplished by arranging a mechan- 
ical controlling device, whereby at the proper time and 
without restricting the water passage the valve was closed. 
The mechanical controlling device further assists in the 
reduction of friction in the valve passages, as it permits 
the valve lift to be high, thus increasing the effective area. 

9%. The first pumps fitted with Riedler valves were con- 


structed in 1884, since which time more than 1,500 pumps 
have been built. These pumps are adapted to any service 
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to which pumping machinery may be applied. They are 
built in all sizes, ranging in capacity from 115,000 gallons 
in 24 hours to 20,000,000 gallons in 24 hours, and are work- 
ing under heads as high as 2,480 feet and at speeds as high 
as 120 revolutions per minute, and with piston speeds as 
high as 606 feet per minute, whica, by the way, is the 
average speed of steam pistons. 


98. Valve Gear.—Fig. 41 shows an outside view of 
a direct-connected, electrically driven, differential Riedler 
pump having the plunger arrangement shown in Fig. 40 (0). 
The pump valves are closed by cranks, the crank a opera- 
ting the suction valve and the crank 6 the delivery valve. 
The two cranks are operated from a wristplate c similar to 
that of a Corliss engine and to which they are connected 
by the rods shown. The wristplate is rocked back and forth 
by the eccentric @d on the crank-shaft, to which it is con- 
nected by the eccentric rod ¢— The plungers are driven by 
a crank, as shown. 


99. Riedler Valve.—Fig. 42 shows a detail of the 
improved Riedler suction and delivery valve. Both suction 
and delivery valves are alike in these pumps except as 
regards the flange for securing them to the pump cham- 
bers. The valve proper consists of three concentric bronze 
rings a, 6, and c, each of which is cast in one piece and which 
are set into a spider @ having eight arms. This spider is 
free to move up and down on the central valve post, or valve 
spindle ¢. This valve rests on a heavy cast-steel valve seat / 
having three annular openings a’, 0’, and c’. The valves 
proper are not rigidly connected to the spider, but each 
valve is free to form its seat with the valve seat and inde- 
pendent of the spider oreach other. A leather ring between 
the valve proper and the spider serves to make an absolutely 
tight joint. A circular nut g is secured to the top of the 
hub of the valve spider @ and holds in place a steel pressure 
plate %. This pressure plate rests on top of a spring cap 2, 
below which a spring # of soft rubber is placed. This rub- 
ber allows of a certain amount of yield between the valves 
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and its seat in case any foreign matter should get between 
them. Two steel fingers, not shown in the drawing, press 
upon the pressure plate and serve to close the valve just 
before the piston reaches the end of its stroke. A water 
cushion /, the object of which is to prevent the valve from 
striking its stop when opening, is secured to the top of the 
spindle ¢ by the nut m. The nut g is closely fitted to the 
chamber in /and traps the water in front of it, thus making a 
hydraulic cushion. The valve seats are secured in the valve 
chambers by wedge-shaped plugs 2, 2, which are forced in 
by studs and nuts through the gland a, the effect being to 
force the valve seat f hard down on its bearing fin the 
pump chamber. 


100. Fig. 43 is a perspective view of the Riedler valve 
and seat, showing the operating mechanism by means of 
which the valve is seated. All visible parts are lettered the 


FIG, 43. 


same as in Fig. 42. The crank g is operated from the 
wristplate shown in Fig. 41; it is keyed to a shaft 7, which 
passes through a stuffingbox s bolted to the valve chamber 
and carries a forked crank at its inner end. The jaws or 
fingers ¢, ¢ of the forked crank press upon the pressure 
plate / to seat the valve at the proper time. The motion of 
the fingers is so timed in relation to the motion of the 


Or 
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plungers that the fingers are clear of the pressure plate / 
when the plungers begin to deliver water, thus leaving the 
valve free to open. 
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101. The Riedler valve is by no means confined only to 
water pumps. It has been and is used successfully for high- 
pressure air and gas compressors. The Riedler pump may 
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be driven by a steam engine, electric motor, turbine water- 
wheel, by belting, or in any other convenient manner. 


102. Riedler Express Pump.—A type of Riedler pump 
that has recently been brought out for running at a very 
high speed is called the Riedler express pump and _ is 
shown in Fig. 44. Although the ordinary Riedler pump can 
be run at speeds as high as 150 revolutions per minute and 
sometimes faster, conditions arise requiring a much higher 
speed, and to meet this condition this special design, which 
may be run at speeds as high as 300 revolutions per minute, 
has been developed by Professor Riedler. The main feature 
of this pump—in fact, the part that permits running at such 
high speeds, is its suction valve. As will be seen by referring 
to the figure, the suction valve @ is annular in form and is 
concentric with the plunger; it lifts in the direction opposite 
to that of the plunger when on its suction stroke, the water 
flowing from the suction chamber 46 into the valve cham- 
ber c. At the end of the suction stroke a buffer d@ mounted 
upon the end of the plunger drives the suction valve to its 
seat, making it certain that the valve is seated when the 
plunger starts onits delivery stroke and allowing practically 
no slip. A high suction air chamber ¢, containing a column 
of water, is placed above the suction valve, making it cer- 
tain that the pump will fill as the plunger f makes its suc- 
tion stroke. The delivery valve is shown at g. It will be 
noticed that this pump is of the differential type. 


1038. The chief point of advantage of the express pump 
is that it may be connected to high-speed motors. It is of 
small dimensions compared to the quantity of water it can 
handle, and thus consequently low in first cost. About 
thirty of these pumps have been constructed up to the 
year 1901, ranging in capacity from 152,000 gallons in 
24 hours to 7,600,000 gallons in 24 hours, and in speed as 
high as 300 revolutions per minute, pumping against a head 
of 820 feet; others have been built to pump against a head 
of 1,800 feet at 200 revolutions per minute. 


eS 


(PART 2.) 


DETAILS OF PUMP WATER ENDS. 
PUMP PLUNGERS. 


CONSTRUCTION. 

1. The smaller sizes of pump plungers are usually made 
of solid round bars of metal turned smooth, so as to work 
through a stuffingbox with as little friction and wear as 
possible. For larger sizes the plungers are frequently of 
cast iron and are often made hollow to reduce the weight and 
amount of material required. Incidentally, it may be 
remarked that a hollow plunger is easier to move than a 
solid one, all other conditions being equal. This is due to 
the fact that the water buoys up a hollow plunger more than 
a solid one. In large horizontal pumps hollow plungers are 
often so proportioned that they actually float in the water, 
thus relieving the stuffingboxes of the weight of the 
plungers and reducing the wear. 


2. Fig. 1 shows a simple form of solid plunger pump, 
such as is often used for feeding boilers. The plunger works 
through a stuffingbox of the ordinary pattern, packed with 
hemp or some of the common types of soft piston-rod 
packing, 
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3. Fig. 2 shows three styles of large, hollow, cast-iron 


of attaching them to the pump 


rods. The packing for these 
plungers, when used for 
moderate pressures, is 
usually hemp contained ina 
stufingbox of the ordinary 
pattern, 


PLUNGER PACKING. 
4. When the pressure 
under which the pump 


works is very heavy, 
U-shaped leather packing 
is sometimes used. Fig. 3 


shows three methods of 


holding these cup leath- 
ers, as they are called. The 
section at (0) shows the 


leather o held in a recess 
myer cast in the upper end of the 
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pump cylinder. In this case it is necessary to remove the 
plunger / in order to insert a new leather or to examine an 
old one. Experience also shows that the leather bears 
against the plunger with the greatest force at the bend B 
and fails at that point first. In (c) the leather is held in its 
recess by a gland s, and is also supported by a brass ring C, 


(ec) 
(a) 
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which prevents the severe pressure of the leather against 
the plunger at B. A more elaborate packing is shown at (a); 
the gland s is lined with a brass ring mm, which holds the 
leather 0 down on a brass supporting ring #. A chamber xz 
in the gland serves to hold oil for lubricating the plunger. 

The form of packing shown at (0) is cheap, but in addition 
to the difficulty of inserting the leather, it is difficult to 
cast the recess so that it will fit the leather properly. In 
either of the forms shown in (a) and (c), the gland can be 
accurately turned to bear against the curved portion of 
the leather, thus forming a better support and increasing 
the life of the packing. 


5. Fig. 4 shows an inside-packed plunger with a remov- 
able stuffingbox designed for hemp packing. This con- 
struction is better than merely providing a close-fitting 
bushing, especially when the water is gritty and thus liable 
to wear the plunger 
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Inside-packed plunger pumps have several disadvantages. 
When the packing becomes worn, the heads of the pump cyl- 
inder must be removed in order to tighten or renew it, and, 
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besides, there is no way of detecting leakage when the pump 
is working. With gritty water, especially when working 
under high pressures, these disadvantages become serious. 

6. Fig. 5 showsa good arrangement of plunger, stuffing- 
box, and gland. ‘This type of plunger and stuffingbox is 


meen oe 


jy ah) 


BIG. 5, 
much used in mining pumps. The plunger cap @ is made of 
acid-resisting metal, while the plunger 4 proper is made of 
east iron, it having been found in mining work that the 
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plunger cap or point is the only part that is attacked by 
acid water. Apparently the play of the plunger through 
the stuffingbox and grease prevents the water attacking its 
surface. An improved form of grease ring is shown at c. 
This ring fits into the stuffingbox and is placed between the 
rings of fibrous packing. It is recessed both inside and out- 
side and has several holes by which the outside recesses 
connect with the inside recesses. The outside recess is in 
connection with the grease cup @, which is provided with a 
cock. When it is desired to grease the plunger, the cock is 
opened and the grease forced in the space around the 
Orease Ting by the screw ¢%on top of the grease cup. 
This is done once or twice during the day, and the cock 
is then closed so as to relieve the grease cup of the water 
pressure and to prevent consequent leakage. The stuffing- 
box is bolted directly to the pump chamber, which may 
be of any type, but for high-pressure mine work it is gen- 
erally circular. This type of plunger and stuffingbox has 
been used with much success in the anthracite coal regions. 


PUMP PISTONS. 


@. Pistons for force pumps are made ina variety of forms. 
Fig. 6 shows a piston with fibrous packing held in place by 


EEE 


a follower. The follower 


is fastened to the piston 
by means of an extension 
of the piston rod beyond 
the nut that holds the 
piston in place. 

8. An excellent: pack- 
ing for small pistons is 
shown in Fig. 7. It con- FIG. 6. 
sists of a metallic piston made up in three parts, between 
which are clamped two cup leathers, as shown. 


9. Pistons for suction and lift pumps must be provided 
with valves that allow free passage for the water through 
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the piston in one direction and prevent its return. These 


valves may be of any design that will furnish the required 
area of passage and at the same time 
will be strong enough to withstand the 
pressure of the water. 


10. For small pumps and moderate 
lifts, leather clack valves, Fig. 8, are 
often used. They consist simply of a 
leather disk held at one side and 


Lk : 


strengthened by a metal plate on top. 
The leather when wet forms an excel- 
lent hinge anda tight valve. Leather 


clack valves are also used for the suc- 
tion and delivery. 


ELLE 


11. For lift pumps working under 
high pressures, the valves shown in 
Fig. 9 give good results. The piston 
shown at (a) has a rubber disk valve 
working on a gridiron seat. The valve 
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G7, 
7 that acts: om a plate on top of the 


FIG. 8. rubber disk. This piston is very long 
and has no separate packing. 
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12. The valve shown at (3) is for very heavy pressures 
It consists of a metal disk guided by a central spindle s and 
held down by a helical spring in the same manner as the 
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rubber valve. The piston is made with a follower plate for 
the purpose of holding a fibrous packing in the same manner 
as the piston shown in Fig. 6. 


PUMP VALVES. 


REQUIREMENTS. 

13. The most important details of a pump of any kind 

are the valves. They must be so designed and constructed 

that they will fulfil all the following conditions as thoroughly 
as possible: 
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(2) They must open freely under a light pressure. 

(0) The net area of the passages through the valves 
should be great enough to limit the velocity of flow through 
them to 240 feet per minute. 

(c) The lift of the valves should be small. 

(7) The passages for the water should be as direct as 
possible. + 

(¢) The valves must close tightly under all conditions. 

(7) The valves and their seats must be durable and of 
such materials as are not easily affected by the impurities in 
the water. 

(g) The valves must return to their seats quickly and 
without shock as soon as the current through them is stopped. 

(i) The valves and seats must be easily repaired or 
removed when worn. 

A great variety of valves have been designed with a view 
of satisfying these requirements, taking into consideration 
the widely varying conditions under which pumps must 
work, 


CONSTRUCTION. 
14. Disk Valves. 
much used in all classes of pumps for ordinary pressures and 


Fig. 10 shows two valves of a type 


service. ‘The valve v 
CONSISts Of a vulecan= 
ized India-rubber disk 
that rests on a gun- 
metal or brass seat s. 
The seat is threaded 
at 7, so that it can be 
screwed into the deck 


of the valve chamber 


and thus can be easily 


(a) 


removed. The part 
FIG. 10. 


of the pump chamber 
that contains the valves is usually called the valve deck, 
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and it is spoken of as the suction valve deck and delivery 
valve deck in accordance with the kind of valves it carries. 
In the design shown at (a), the valve is fastened to a 
spindle 0 by a cap f. The spindle is guided by a cage- 
shaped guard ¢ screwed on to the valve seat. The lower 
end of the spindle is made conical, so as to change the direc- 
tion of motion of the water gradually and to reduce the 
resistance to flow. In the design shown at (0), the spindle o 
is screwed into the valve seat andcarries a guard g. A hel- 
ical spring between this guard and the plate f helps to seat 
the valve quickly. 

The size of these valves varies from 2 to 6 inches in diam- 
eter, the most common size 
for ordinary conditions 


being 3 inches. 


15. When used for 
pumping /ot water, the 
disk must be made of a composition that will not be affected 
by the heat and for very high pressures metal disks are 
used, generally of the form shown in Fig. 11. 


£6. Fig. 12 shows the construction of a large disk valve, 
such as is often used in mine pumps. The valve seat 4 is 
held in place by the flange 4 and is perforated, as shown in 
the top view of the seat, by a large number of small holes. 
The valve C is made of soft rubber and is placed within the 
bronze or composition cap 2. The head of the bolt 4 forms 
a stop and the spring S assists the valve in closing. 


1%. Clack Valves.—A section of a clack valve is shown 
in Fig. 18. The clacks A and & are lined with leather 
on the bottom so as to make a tight fit on the seat without 
having to do much fitting. A stop C prevents the valves 
opening too far, while /& is the pin on which the clacks 
are hinged. A cylindrical casing Y forms the valve seat; 
it may be easily renewed when worn. These valves are of 
the type known as the butterfly valve, and are much used 
for pit pumps at mines on account of their cheapness and 


simplicity of construction. 
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18. Single-Seat and Double-Seat Valves.—A single- 
seat valve that is suitable for high pressures, up to heads 
of 500 feet, is shown in Fig. 14, where 4 is the valve; JZ is 


FIG. 12. 


a stem solid with the valve that acts as a guide inside the 
bearing Y; and C, C, C, C are rubber rings which are kept 
in position by means of the stem and are separated by the 


YP 
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washers #, #, #. These rings prevent shock as the valve 
lifts and also help to close it quickly, thus serving the same 
purpose as the helical spring in Fig. 10 (6). 
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19. A section of a Cornish double-seat valve is shown 
in Fig. 15. This valve gives excellent results when used in 
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large pumps working under high pressures and has been 
applied to pumps working under heads up to 700 feet. It 
is called a double-seat valve because it has two seats and two 
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openings for discharge. The casing A slides on the vertical 
stem 7, its lift being regulated by the nut and washer £; 
when down, it rests on the valve seats Cand ). When the 
pressure below becomes greater than that above, it raises 
the casing, and the water is discharged through the circular 
openings at Cand 2. The rib around the outside of the 
casing is for the purpose of strengthening it. The valve 
seats are conical. The figure shows that one opening dis- 
charges the water under the lower edge of the valve and 
the other through the inside. 


20. Wing Valves.—The wing valve shown in Fig. 16 (a) 
is largely used in power pumps for feeding boilers and in 


hydraulic pumps for high pressures. The valve and seat 
are made either of hard brass or of gun metal and are ground 
together to secure tight closing. The lower portion of the 
wings is sometimes curved as shown at (0), the object being 
to give the valve a partial rotation at each stroke of the 
pump. This compels it to seat at a new place with each 
stroke and tends to wear the valve and seat more evenly. 


21. Pot Valves. 
valve. This type of valve is used principally .on mining 


Fig. 17 (2) isa sectional view of a pot 


pumps for lifts up to 1,000 feet. They are made separate 
from the pump chambers and may be readily replaced when 
broken or worn. The cover a is secured by hinged bolts, so 
that it may be quickly removed for access to the valve 4 and 
the valve seat c, which is made of composition and pinched 
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between the pot and the pump chambers. The valve 
spring @ surrounds the valve guide e. 

22. Fig. 17 (6) shows a type of pot valve used for high 
lifts up to 1,200 feet. The valves are made small and faced 
with hard rubber; a group of them is placed in one heavy 


(db) 
(a) 
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pot which is bolted tothe pump chamber. Access to the 
valves may be had by removing the cover a. The valve 
seats are made of composition bushings forced into the 


valve deck 08. 


ATR CHAMBERS. 


PURPOSE. 


23. Evenin double-acting pumps there is an interrup- 
tion of the flow at the end of the stroke, when the piston 
changes its direction of motion. This has the effect of 
bringing the column of water in the suction and discharge 
pipes to rest at the end of each stroke, and this column of 
water must be set in motion again as the next stroke is 
made. If the pipes are long, the force required to stop and 
start the water will be very great, and there will be a severe 
shock at the end of every stroke that will absorb power and 
subject the pump and pipes to great stresses. 
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This difficulty is removed and the flow through the pipes 
is made more continuous and steady by the use of air cham- 
bers. An air chamber is a vessel containing air and is 
attached either to the pump just outside of the discharge 
valves or to the discharge pipe near the pump. While 
small duplex pumps are often run without an air chamber, 
it is better in general to fit one to all pumps, since its 


effect will always be beneficial. 


DELIVERY AIR CHAMBERS. 
24, Principle of Action.—Fig. 18, which shows an air 
chamber attached to the discharge pipe of a single-acting 
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plunger pump @ for boiler feeding, will illustrate the princi- 
ple of action of an air chamber. The water, after being 
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drawn in through the pipe / past the valve g, is forced by 
the plunger c past the valve % into the discharge pipe a, 
part of it flowing into the air chamber / and compressing 
the air therein. When the plunger reaches the end of its 
stroke and no more water is being forced into the discharge 
pipe, the compressed air in the air chamber forces the extra 
water out through the discharge pipe. In this way the air 
chamber acts as a reservoir that receives its supply during 
the inward motion of the plunger and gives it out again in 
a nearly steady stream. The air in the air chamber acts as 
a spring that absorbs the extra force during the inward 
stroke of the plunger and gives it out during the return 
stroke, thus relieving the pump and pipe of shocks and pro- 
viding a nearly constant rate of flow from the discharge. 


25. Size of Delivery Air Chamber.—The proper size 
of an air chamber depends on the type of pump, the speed 
at which it works, the length of the discharge pipe, and the 
pressure head against which the pump works. For ordinary 
double-acting pumps working against moderate pressures 
and at ordinary speeds, the cubical contents of the air 
chamber should be not less than 3 times the piston displace- 
ment. For pressures of 100 pounds per square inch and 
upwards or for high piston speeds (as in the case of fire 
pumps), the capacity of the air chamber should be at least 
6 times the volume of the piston displacement for a single 
stroke, 


26. Loss of Air.—Under the increased pressure in the 
air chamber, the air is absorbea by the water and gradually 
passes off with it. In this way all the air will finally pass 
off and the chamber will be made useless if no means are 
provided for renewing the supply. 


2%. A simple device for maintaining the supply of air in 
the air chamber of large pumps is shown in Fig. 19. A 
piece of 24-inch wrought-iron pipe ¢ about 30 inches long is 
connected to the end of the pump cylinder @ in a vertical 
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position, by means of a gate valve 4, or cock. A 2}-inch Td 
at the upper end of this pipe is connected at one end 
of the run with a 
14-inch check-valve e 
opening inwards, and 
at the other end with 
a 8-inch check-valve f 


that opens outwards. 
The valve 7 is con- 
nected with the air 
chamber through the 
pipe g. 

This air pump is 
operated as follows: 
When the pump is 
working, open the 
valve @ to Gl) “the 
pipe ¢ with water; 
then partially close 0 
until, the check- 
valves ¢ and / begin 
to work. This as 


easily determined by 
the click of the valves 
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when seating. Its working may be described thus: When 
the valve 4 is opened, water fills the pipe c from the 
pump cylinder @ during the discharge stroke of the pump. 
By partly closing 4 when ¢ is full, the pump during 
the suction stroke will draw a part of the water from c, 
and air will flow in through e to take its place. During 
the next discharge stroke of the pump, more water is 
forced into c, driving the air out through / and ¢ into 
the air chamber. If 4 is opened too wide, all the water 
will be drawn out of ¢ during the suction stroke and 
air will be drawn into the pump cylinder from e; but by 
properly regulating the opening, a column of water is kept 
in c, which acts as a piston that moves with the strokes 
of the pump and pumps air into the air chamber, 
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28. Alleviator.—When pumps work under pressures 
greater than that due to a 350-foot lift, air chambers are 
not of very much service, owing to the 
fact that the air escapes from the air 
chambers either through the pores of 
the iron or at the joints, or it is absorbed HG 


and carried off by the water; in such a 


condition. an air chamber gives the 
pump no relief whatever. To obviate 


this defect alleviators are used. An {1 Za, — ile 

; : é =e 
alleviator is shown in Fig. 20. It con- Lie 
sists of a plunger @ working through a | 7-7 
water-packed stuffingbox. On top of the “id Nida 


plunger are arranged springs that may be 


in the form of rubber butters or helical 


coil springs. In the type shown rubber 
buffers 6, 6 are used, which are confined 
by the tie-rods c,¢, the yoke ¢, and 


the plates ¢, e. When the pressure in the 
pipe exceeds the working pressure, the 
plunger @ is forced out through the stuf- 
fingbox and relieves the pump of the 
shocks that would otherwise occur. » Alleviators may be 
placed anywhere on the delivery pipe, but are preferably 
placed in such a position that the direction of the moving 
water is in line with the plunger a. 


/ 


SUCTION AIR CHAMBERS. 

29. Purpose.—With a long suction pipe or a pipe with 
numerous bends and valves, the resistance to the flow of 
the water through it will be considerable, and a great deal 
of force will be required to start and stop the water in it 
with each stroke of the pump. In some cases the force 
required is so great that the pressure of the atmosphere is 
not sufficient to set the column of water in motion quickly 
enough to fill the pump chamber as fast as the piston moves. 
This makes the action of the pump imperfect and causes a 
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severe blow, called the water hammer, when the piston 
again meets the inflowing water. 


30. The difficulty mentioned in Art. 29 can best be 
remedied by the use of a chamber, called a vacuum cham- 
ber or a suction air chamber, attached to the suction 
pipe as near the pump as possible. In its general form a 
vacuum chamber resembles an air chamber, but the pressure 
in it instead of being greater is always less than the atmos- 
pheric pressure. When the pump is drawing water, the air 
in the vacuum chamber expands and forces the water below 
it inte the pump; at the same time the pressure of the 
atmosphere forces water in through the suction pipe to 
balance the reduced pressure in the vacuum chamber. The 
vacuum chamber is again partly filled and the air in it is 
compressed during the discharge stroke of the pump. It 
thus acts as a reservoir that receives from the suction pipe 
a nearly steady supply, which is given up intermittently to 
the pump. 


31. Special Form of Suction Air Chamber.—Fig. 21 


shows a special form of a suction air chamber in diagram- 


FiGenoLe 


matic form. The suction pipe @ connects to a suitable 
chamber J, which has a tube c projecting downwards to 


5 
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within a short distance of the bottom. The tube c, which 
is called a draft tube, connects to the pump chamber. 
When water first flows into the chamber 4, it entraps some 
of the air as soon as the water seals the bottom of the draft 


’ 


tube; this air is then compressed while the water flows up 
the draft tube, and by its expansion and compression pet- 
mits a steady flow in the suction pipe. 


32. Size of Vacuum Chambers.—For ordinary cases, 


the vacuum chamber may be made half the size of an air 
chamber working under the same conditions. A good rule 
is to make the cubic capacity of the vacuum chamber for a 
single pump twice that of the displacement of the piston 
for a single stroke. 

33. Location. 
should, if possible, be placed at a bend in the pipe and close 


Suction and delivery air chambers 


to the pump and in such a position as to be in line with the 
flow of water inthe pipe. If placed at right angles to the 
flow of water, as in Fig. 18, their efficiency is somewhat 
impaired. Both suction and delivery air chambers should be 
provided with glass water gauges so that the height of the 
water can be determined at a glance. It is not customary 
to provide the air chambers of small pumps with water 


wauges. 
PUMP FOUNDATIONS. 


GENERAL CONSIDERATIONS. 

34. The foundation for pumping machinery depends 
entirely on the type of pump. Generally speaking, much 
less foundation is required than for steam engines occupying 
about the same space. Direct-acting duplex pumps probably 
require the least foundation of any kind of steam pump, for 
here the piston and plunger motion is almost opposite and 
the balancing of the machine in line with the plunger motion 
is complete, and the strains due to reversing are contained 
almost wholly within the machine itself. Small duplex- 
pump foundations are made of a solid mass of brick or 
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concrete, while large pumps are often set on separate piers, 
one for the water ends and one for each pair of steam ends in 
case of a duplex, compound, or triple-expansion engine. Of 
course, the foundations must go down to sufficiently hard 
soil to bear up the weight of the pump, or if the soil be loose 
sand or gravel, the foundation must be spread out sufficiently 
to insure the pressure not exceeding, say, 1 ton per square 
foot. The foundation should go deep enough to allow the 
surrounding soil sufficient hold upon it to keep it firm and 
steady. The minimum depth for a small pump should not 
be less than 2 feet. Single-cylinder pumps require a some- 
what heavier foundation than duplex pumps, owing to the 
greater shocks to which they are subjected. 


35. Crank-and-flywheel pumps require considerably more 
foundation than direct-acting machines, on account of the 
much higher speeds possible and the weight and lack of 
balance of the reciprocating parts. Crank-and-flywheel 
pumps of the controlled-valve type, as the Riedler pumps, 
which usually run at a high speed, require foundations fully 
as heavy as those for steam engines of equal size. 


MATERIAL AND FOUNDATION BOLTS. 

36. Foundations should be built of hard brick laid in 
cement mortar, concrete, or, in the case of large pumps, of 
stone, if it can be readily secured. All pumps should be 
held down by foundation bolts. In the case of small pumps 
the bolts are provided with a steel or wrought-iron plate 
washer built solidly into the foundation, while large pumps 
have tunnels or pockets for access to the lower foundation 
washer and nut. If the foundation bolts are built in solid, 
box washers should be used. 


FOUNDATIONS FOR LARGE PUMPS. 
3%. In the case of large vertical pumping engines, the 
masonry required to form the pump pit and to support the 
superstructure is of ample mass for all foundation purposes; 


in fact, large arched chambers and tunnels are often used to 
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save foundation materials in this class of pumping engine. 
These large pumping engines are often located at or near 
a water supply where the soil has not sufficient rigidity to 
support the weight. In this case piling must be resorted to, 
on which the foundation proper is constructed. 


USE OF FOUNDATION 'TEMPLET. 

38. A foundation templet should always be used in 
which the foundation-bolt holes are carefully laid off, prefer- 
ably from the actual castings, and the various heights of 
bosses or thicknesses of casting through which the bolts pass 
are marked. The templet should be carefully set with 
reference to the suction and delivery connections, so that 
when the pump is set up, the fittings and pipes will connect 
up properly. In large pumps it is customary to arrange 
the pipe connections in such a way that a short space is left 
between the piping and the pump. This space is then 
measured after the pump and piping are in place, and a dis- 
tance piece is made to suit the measurement and then put 
in place, 


FOUNDATIONS FOR SMALL PUMPS. 

39. Small pumps of the single-cylinder and duplex type 
are usually provided with two points of support only, one 
of which is rigidly bolted to the foundation, while the other 
is left free. This prevents the pump being thrown out of 
line, if properly constructed originally. When both the 
steam and water ends are bolted down, care must be taken 
not to twist or throw the pump out of line. In making the 
steam and water connections, the pipes should come fair to 
their connections and should not be sprung into place. 
Stresses on the pump structure due to winding foundation 
surfaces and sprung pipe connections should be guarded 
against, particularly with steam-thrown valves, as these are 
very sensitive and must be perfectly free. Any slight 
springing of the valve chamber will bind the valve and pre- 
vent its operating. 
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PIPING: 


SUCTION PIPING. 


40. Location of Pump in Respect to Supply.—before 
a pump can be properly located, the location of the source of 
supply of the liquid to be pumped must be taken into consider- 
ation. Since the atmospheric pressure of 14.7 pounds to the 
square inch will balance a column of water 34 feet high, it is 
evident that with that atmospheric pressure the pump must 
not be placed more than 34 feet vertically above the surface 
of the water to be pumped. But since a perfect vacuum 
cannot be obtained by mechanical means, and since the flow 
of the water is retarded by friction in the pipes and passages, 
the limit of vertical lift by atmospheric pressure is reduced 
to about 28 feet at sea level in actual practice. The actual 
lift, precisely as the theoretical lift, varies with the atmos- 
pheric pressure, and hence will become smaller with an 
increase of altitude above sea level, since the air becomes 
lighter and its pressure less. 


41. Run of Suction Pipe. 
as near the source of water to be pumped as is possible, both 
vertically and horizontally. The suction pipe should be as 


The pump should be placed 


straight as possible; if bends are necessary, they should be 
made by bending the pipe to a long radius or by using long- 
turn fittings. The suction pipe should be one diameter 
from end to end; all enlargements or reductions in size tend 
to disturb the uniform flow of the water so essential to a 
proper filling of the pump chamber. If from necessity the 
suction pipe is very long, it will be well to increase the size 
somewhat; the reduction at the pump chamber should then 
be made by a long conical fitting. For ordinary service 
pumps the diameter of the suction pipe should be such that 
the velocity does not exceed 200 feet per minute, assuming 
that the flow of water is constant. If the vertical lift be 
high, a suction air chamber should be provided; this will 
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add much to the uniformity of the pump supply. A foot- 
valve should also be provided when the lift is high. 


42. Foot-Valves.—A foot-valve is a check-valve placed 
at the lower end of the suction pipe below the water level 
in the source of supply and opening towards the pump. Its 
purpose is to prevent the suction pipe emptying while the 
pump is at rest and to prevent the water in the suction pipe 
slipping back while running. When the water flows to the 
pump by gravity, a foot-valve is superfluous; but when the 
water is lifted by suction it is often fitted, since it will insure 
a prompt starting of the pump, providing that it is tight 
enough to hold the water in the suction pipe. In very cold 
weather and in exposed locations, the foot-valve constitutes 
an element of danger when the pump is out of use, since it 
prevents the emptying of the suction pipe. The water in the 
latter may ireeze and burst the pipe. “To prevent this, a 
drain may advantageously be fitted to the lower end of the 
suction pipe, which is used in cold weather to empty the 
pipe if the pump is to stand idle for a long time. 


43. When foot-valves are used, a relief valve may 
advantageously be placed on the suction pipe. Generally, 
the suction pipe is made considerably lighter than other 
parts of the pump, and if the suction valves should leak 
when the pump is standing or if the priming pipe be left 
open, the full pressure of the delivery water will come on 
the suction pipe and foot-valve, which are not usually 
designed to withstand such pressures. The relief valve, 
which should be set to relieve the pipe at a pressure well 
within its safe strength, prevents overstraining of the suc- 
tion pipe from this cause. Foot-valves should be chosen 
with the greatest care; they should be simple and, prefer- 
ably, of the weighted-lift type or clack valve, and should 
have at least 50 per cent. excess of area over the suction 
pipe. 

44, Settling Chamber.—If the water to be pumped is 
gritty or contains foreign substances, a settling chamber is 
sometimes used, especially when pumping water holding but 
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a small quantity of sand in suspension. This consists of an 
‘iron box conveniently arranged ina horizontal pipe. It is 
usually of large relative capacity, a settling chamber for a 
2-inch pipe being 2 feet x 2 feet x 3 feet long. The pipes 
enter and leave from opposite sides and near the top. The 
increased volume of the large box allows the water to move 
very slowly across the box, giving the suspended sand time 
to settle to the bottom. The settling chamber should have 
a removable cover for the purpose of removing the settlings. 
This device is used on small pumps working on artesian 
wells. 


45. Suction Basket and Strainer.—More universal 
arrangements for keeping back foreign matter from the 
working barrel of the pump are the suction basket 
and the strainer. The suction basket is usually placed 
on the bottom of the suction pipe and consists of a 
box variously shaped and perforated with strainer holes 
or provided with screens. The suction basket so placed 
is being replaced by a different form of strainer, which 
consists of a chamber placed in the suction pipe, located 
in an accessible position and provided with strainer plates 
so made that they can be readily removed for clean- 
ing. This strainer is sometimes connected directly to the 
pump, but it should not be so placed that it will inter- 
fere with removing the water-cylinder heads. A short piece 
of pipe between the strainer and pump nozzle will avoid 
this interference. The objection to the suction basket on 
the bottom of the suction pipe is its inaccessibility for clean- 
ing and inspection, a feature that is overcome by the 
strainer, 


DELIVERY PIPING. 


46. Run and Valves.—While the suction pipe is very 
important and must be most carefully laid out and has much 
to do with the location of the pump, the delivery pipe should 
not be neglected. A careful adjustment between the supply 
and delivery pipes should be made in order to produce the 
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best effect of the whole plant. The delivery pipe should as 
far as possible be a plain, straight pipe from pump to ter- 
minal; when bends are necessary, they should be by as long 
sweeps as possible. A gate valve or check-valve should be 
placed near the pump. ‘The check-valve serves the double 
purpose of relieving the pump of pressure when starting 
up, allowing it to take hold of the water more quickly, and 
also holds the water back from the pump when inspection 
and repairs to the water end are necessary. If a check- 
valve is not used, a gate valve should be placed at or near 
the pump delivery to hold back the water in case of repairs 
to the pump end or accident. This valve should always be 
a straightway gate valve giving the full clear opening of 
thie pipe; 


4%. Velocity of Flow. 
ing through the delivery pipe for direct-acting pumps should 


The velocity of the water flow- 


not much exceed 330 feet per minute, while for large crank- 
and-flywheel pumping engines the velocity of water in both 
suction and delivery pipes is about 300 feet per minute. If 
the suction pipe is made small, the pump will fail to fill and 
the plunger will strike the incoming water on its return 
stroke, producing a violent and dangerous shock. If the 
delivery pipe is made small, the cost of power required to 
force the water through the pipes at a high velocity will 
“very quickly overrun the interest and depreciation on a 
larger pipe. 


AUXILIARY PIPING. 


BY-P ASSES. 

48. Water-End By-Pass.—By-pass pipes are pipe con- 
nections from above to below the delivery-valve deck and are 
of much more use on crank-and-flywheel pumps than on 
direct-acting machines. In the case of compound pumps, 
when starting up, the force of the full steam pressure on the 
high-pressure piston is not sufficient to move the plungers 


On 
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against the resistance due to the head of the water in the 
delivery pipe; but by opening the valve (which, by the way, 
should always be a gate valve) in the by-pass piping, the pres- 
sureon the plungers is relieved for a sufficient number of 
strokes to allow the steam to reach the low-pressure piston, 
when the combined force of the two pistons will do the work 
and the by-pass pipe can be closed. 


49. By-pass water pipes have another function on crank- 
and-flywheel pumps. Unless these machines are fitted with 
very large flywheels, their limit to slow running is often not 
as low as desired. By opening the valve in the by-pass pipe, 
part of the water can be returned to the pump chamber and 
the amount of water actually pumped reduced to any desired 
quantity permitted by the size of the by-pass. It should not 
be overlooked that this is accomplished at a very considerable 
loss of efficiency, because it takes the same power to move 
the by-pass water asit does to do the actual pumping, com- 
paring equal quantities. By-pass pipes are usually made 
24 per cent. of the plunger area. 


50. Steam-End By-Pass.—It is common practice to fit 
the steam cylinders with by-pass pipes, allowing high-pres- 
sure steam to act on the low-pressure piston in starting, 
but these pipes are usually so small, compared with the 
diameter of the low-pressure piston, that the by-pass is 
unable to hold any pressure behind the low-pressure piston 
when it is moving. By-pass steam pipes have their proper 
use In warming up the low-pressure cylinder and connections, 
and in the case of crank-and-flywheel pumps to move the 
high-pressure crank off the dead center. 


PRIMING PIPE. 
51. The priming or charcine pine is Putas 
ol. 1e priming or charging pipe is a small pipe run 
from the delivery pipe beyond the check-valve or delivery 
gate valve to the suction chamber of the pump. It is par- 
ticularly useful in the case of long suction lifts to fill the 
working chamber and suction pipe with water, taking up all 
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clearances and helping the pump to take hold of the water 
quickly. This pipe may be from 2 of 1 per cent. to 1 per 
cent. of the area of the plunger; its size is a matter of little 
importance, but it should be large enough to fill the suction 
pipe and pump chamber in a reasonable time, which | will 
depend somewhat on the size and design of the pump 
chamber and the length of suction pipe. A pipe much 
larger than 1 per cent. of the plunger area will be required 
in the case of long inclined or horizontal suction pipes. 


WASTE DELIVERY PIPE. 

52. A waste delivery or starting pipe that can be led 
into any convenient place of overflow should be provided so 
that the pump, in starting, can free itself of air, for it often 
happens that a pump refuses to lift while the full pressure 
against which it is expected to work is resting on the delivery 
valves, for the reason that the air within the pump chamber 
isnot dislodged but only compressed and expanded again by 
the motion of the plunger. A pump in this condition is said 
to be air bound. It is well in this case to run with the 
delivery pipe empty until the air is expelled and the water 
flows into the suction end of the pump. The waste delivery 
pipe is fitted with a valve and connected to the delivery pipe 
close to the pump. When the water flows to the pump and 
is discharged into the delivery pipe, the valve in the waste 


delivery pipe is to be closed. 


AIR DISCHARGE VALVES. 

53. When a check-valve is not used in the delivery pipe 
and the space between the suction and delivery valves is 
large and the delivery pipe is full of water, the pump will 
often refuse to start the water in the suction end, owing to 
compressed air being trapped between the water in the 
delivery pipe and the delivery valves. Air discharge valves 
performing similar service to the waste delivery or starting 
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pipes may then be used to allow the compressed air to escape 
and a vacuum to be created when the plunger is withdrawn 
from the pump chamber. In small pumps of the direct-act- 
ing type, a petcock is usually fitted for this purpose to the 
cover directly above the delivery valves. 


GENERAL PIPING ARRANGEMENT. 


54. Fig. 22showsa good arrangement of a pump in rela- 


Ss 


tion to the water supply and of the pipe connections. The 


\ 


Fic. 22. 


suction pipe @ is fitted with the foot-valve 6 and has a 
strainer ¢ placed close to the pump, from which it is sepa- 
rated by the short distance piece @ When the vertical lift is 
short, say not over 10 feet, and the pump is placed close to 
the source of supply, a suction air chamber is seldom neces- 
sary, but when the lift exceeds 10 feet or when the pump is 
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at some distance from the water supply, a suction air 
chamber becomes a necessity. With a vertical suction pipe 
as shown, the suction air chamber may be made as shown by 
the dotted lines at ¢. An air chamber fis placed on the 
delivery between the delivery check-valve ¢ and the delivery 
valves. The waste delivery or starting pipe zis connected 
to the delivery between the delivery valves and the delivery 
check-valve g It is fitted with the valve &. The delivery 
pipe / is connected to the suction pipe close to the pump, in 
this case to the distance piece @, by the priming pipe /, 
which is fifted with the stop-valve 7. 


PROVISION FOR DRAINAGE. 

55, Proper drain.pipes and drain valves should be pro- 
vided for all parts of the pump, the pipé connections, 
strainers, etc., in short, for all parts in which water may 
remain when the pump is not in use and will give trouble 
by freezing. 

Provision for draining the suction valve deck and delivery 
valve deck is sometimes made by drilling a small hole 
through the decks; this practice, while simple and cheap, 
leads to a loss in’ efficiency, however, since some of the 
water is constantly flowing back into the suction chamber. 


PUMP MANAGEMENT. 


INTRODUCTION. 

56. Ifa pump has been properly selected for the service 
and has been properly designed, built, and erected, it should 
perform its work without any trouble. All pumps when 
new are stiff and cranky in their actions, particularly direct- 
acting pumps. They should be run slowly for a considerable 
time, and many defects in their action which at first gives 
rise to alarm will then gradually disappear. Crank-and- 
flywheel pumps act more smoothly from the start, but do 
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not come toa proper bearing more quickly or quite as quickly 
as the direct-acting pump. Crank-and-flywheel pumps usu- 
ally require considerable skill and study to reduce them to 
successful working order, as conditions arise that further 
disturb the lack of harmony between the flywheel and water, 
and it often taxes the skill of the experienced engineer to 
make an amicable adjustment between the two opposing 
forces. 

59. Having reduced the pump to satisfactory operation, 
the attention of the operator should be directed to its main- 
tenance at the least possible expenditure. Each item of 
expenditure should be separated from the whole and studied 
independently for the purpose of reducing it to a minimum 
consistent with the proper maintenance of the plant. The 
expenditure should at all times be regarded as the item by 
which interest or dividends are being earned and should not 
be allowed to become greater. 


58. Losses in efficiency arise from wear, from loss of 
proper adjustments, and from the wrong timing of the vari- 
ous movements that control the distribution of steam, by 
leakages, by decreased mechanical efficiency due to lack of 
alinement, by accumulations of foreign matter on and in 
condenser tubes, suction strainer, and foot-valves, suction 
and delivery pipes, and in many minor directions. In many 
plants it is of the utmost importance that they should not 
be interrupted; it is then the duty of the engineer to predict 
all possible events that might cause an interruption ‘and 
have a well-planned line of action prepared so that he may 
act quickly and with decision to the end of keeping his plant 
always at work and at the highest efficiency. This plan of 
action will entail considerable work, study, and, perhaps, 
some expense in preparation to meet possible contingencies 
that may never happen; nevertheless, it is well to be ready 
for any emergency when handling steam machinery and 
particularly steam pumping engines. 


59. In the management of pumps it must be considered 
that nearly every installation has its peculiarities, some of 
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which are sometimes not discovered until after the machine 
is put in service and then perhaps require expensive addi- 
tions and alterations to meet them. An exhaustive study 
of existing conditions and resultant conditions when the 
pump starts to work cannot be too strongly urged. 


STARTING PUMPS. 


IMPOSSIBILITY OF SPECIFIC RULES. 

60. Pumps differ so much in their construction and 
design that it is entirely impossible to lay down specific 
rules that will be applicable toevery pump. For this reason 
only general rules are here given, which must be modified 
by the pump attendant to suit every specific case. 


GETTING A PUMP READY. 

61. Getting Up Steam.—Considering a new steam 
pump, after it has been properly erected on a suitable foun- 
dation and all the pipe connections have been made, the 
first step in starting the pump is to get up steam in the 
boiler or boilers in the same manner as is done with boilers 
supplying steam for any other purpose, 

62. Since the boilers are generally in charge of the same 
person that attends the pump, the general treatment of the 
pump and the boilers, while steam is being raised, will be 
considered together. After the steam piping is in place, 
but before it is finally connected to the pump, all valves in 
it should be opened wide; while steam is being raised the 
pistons and valves should be removed from the steam end 
of the pump so that there is a clear passage for the steam 
from the boiler to the exhaust after the steam pipe has been 
connected to the pump. 


63. Blowing Out the Steam Piping.—The fires should 
be started yery slowly under the boiler; all the binding 
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bolts throughout the boiler setting should be perfectly loose 
and free. If this precaution is neglected, buckstaves or 
cast-iron fronts will be broken by the expansion of the set- 
ting. The guy rods on iron stacks should also be slacked 
off; in fact, every part that will expand when the plant is 
started up should be liberated. Before the steaming stage 
is reached, large volumes of heated air will be driven through 
the pipes, warming them up gradually. When steam begins 
to rise, it should be allowed to blow through the piping and 
valves quite liberally, the object being to clear the piping of 
sand, grit, and all other foreign matter collected therein 
during erection. The piping having been blown out 
thoroughly, steam is shut off and the piping is then con- 
nected to the pump. 


64. Blowing Out the Cylinder. 
the boiler has been raised to the working pressure, the cylin- 


When the pressure in 


der heads should be put on, still leaving the pistons and 
valves out of the cylinders. The stuffingboxes should be 
closed, which is most conveniently done by placing a piece 
of board between the stuffingbox and the reversed gland 
and then setting up the nut on the stuffingbox studs. When 
the gland is drawn home by a nut outside of it, a circular 
piece of pine board may be placed between the end of the 
gland and the inside of the nut in order to close the open- 
ing through which the piston rod passes. The steam may 
now be turned on the main steam pipe leading tothe pump; 
by opening the throttle valve wide at short intervals, the 
sand and scale inthe ports and other passages and spaces of 
the steam end can be blown out. After the cylinders have 
been blown out, the heads and covers should be removed, and 
all foreign matter blown into the corners and chambers of 
the cylinders should be removed by hand. The pistons, 
valves, cylinder heads, and other covers can now be put in 
place. 

65. The blowing out of the pipes and cylinders after 
erection is often neglected or but imperfectly done, with 
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serious consequences to the machine; it cannot be too thor- 
oughly done, particularly in that type of pump where the 
steam ports and exhaust ports are on top, for in this particu- 
lar case the sandand grit are deposited in the bottom of the 
cylinder for the piston to ride upon. If more attention 
were paid to the thorough cleaning of all steam spaces, we 
would hear less of cylinders and pistons being cut. 


66. Keying Up.—If the pump is of the crank-and- 
flywheel type, it should be turned a complete revolution by 
hand to insure that everything clears properly and that no 
tools or materials used during construction or erection have 
been left within the machine. The adjustment of all jour- 
nals, pins, and bearings should then be made. With gib 
and key ends, it is usual to drive down the key with a soft 
hammer (lead hammer) until it is home, mark it, drive it 
back, and then tap it down to within ¢ inch of the mark. 
With wedge ends the wedges usually have an inclination of 
14 inches per foot and the adjusting screw 8 threads per inch. 
The wedge is drawn up solid and then the adjusting screw 
is turned back about 20° and locked. Bolted connecting- 
rod ends are allowed about y4, inch play, using liners and set- 
ting the bolts up solid. Main bearings can be adjusted best 
when the machine is in motion. 


3%. Packing Rods and Stems. — The packing of all rods 
and stems is the next step. If fibrous packing is used, the 
boxes should be filled full and the glands tightened down 
very moderately. The tightening of the glands can best 
be done when steam is on and the machine is in motion, 
when they should be tightened only sufficient to stop leak- 
age and no more. When excessive tightening is required to 
stop leakage, the packing should be completely renewed. 
Some pumps are fitted with metallic packings. These 
packings are usually fitted up by specialists who fully guar- 
antee them, and their directions for use should be carefully 
followed; in case of failure or unsatisfactory results, the 
makers should be consulted. 


H. S. V.—8 
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68. Oiling.—The oiling of the machinery is the next 
step and is a very important one. All rubbing surfaces 
should be provided with suitable oiling devices appropriate 
to the particular place and service. The quality of oil 
should be carefully selected to suit the velocity and pressure 
of the rubbing surfaces on which it is used. For use within 
the steam cylinder, heavy mineral oil is the only oil capable 
of withstanding the high temperature, and in starting up 
new pumps only, the best quality should be used, regardless 
of price. A liberal use of this oil for the first month will go 
far towards reducing subsequent oil bills. 


69. The pumping engine, unlike many other types of 
engines, must often run continuously and without interrup- 
tion for a month or even longer ata run. This requires 
that all oiling devices be so arranged that they can be sup- 
plied and adjusted while the machine is in motion. Itisa 
good plan to provide two separate sets of oiling systems for 
all the principal journals, the idea being that if one fails the 
other can be used while the disabled one is being over- 
hauled. All oil holes should have been filled with wooden 
plugs, bits of waste twisted in the hole, or some other pro- 
tection, while the machine was being erected. These should 
now all be removed and all oil holes and oil channel thor- 
oughly cleaned out. Bearings should be flooded with oil at 
first to wash out any dust or grit that may have reached 
the rubbing surfaces. 


40. Having turned the machine by hand and inspected 
all locknuts, setscrews, and clamp screws, the engine may 
be put under steam. If provided with hand starting gear, 
this should be used for a sufficient number of turns to make 
sure that the machine is free from water that may have 
accumulated in the pipes or clearance spaces. All drain 
cocks should be wide open when starting and relief valves 
should be adjusted to blow at the proper pressure. If the 
engine is condensing, connections from the exhaust port to 
the condenser should be made absolutely tight. If an 
independent condenser is used, it should be started before 
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the main pump is started and a vacuum obtained in 
advance. 


71. So far only the steam end of a large crank-and-fly- 
wheel pump has been considered. With the direct-acting 
single or duplex steam pump, the same general method of 
procedure should be followed. It may be mentioned here, 
incidentally, that the direct-acting pump is not so liable to 
an accident in starting as the crank-and-flywheel pump on 
account of the absence of kinetic energy stored up in a 
moving flywheel. This energy when given out by reason of 
an obstruction in the water end that prevents the free pas- 
sage of water will greatly increase the pressure, especially 
when the obstruction occurs near the dead-center positions 
of the crank. ‘The increased pressure thus produced may 
easily run up high enough to burst the water end. 


¢2. Using the Dash Relief Valves.—In starting a 
direct-acting pump when dash relief valves are fitted, they 
should be closed in order to keep the pistons as far from the 
heads as possible, for in new installations the unexpected is 
likely to happen at the water end, and to prevent danger of 
a breakdown, as in case of a sudden lunge of the pistons, all 
the margin possible to keep them from striking the heads 
should be gained. 


93. Condition of Water End When Starting.—Assu- 
ming that the plungers and plunger rods are packed and the 
plunger grease cups filled, the water end should be ready to 
start; if the machine is compound or triple-expansion, the 
water by-pass valves must be opened until the machine has 
made a sufficient number of strokes to bring the intermed1- 
ate and low-pressure cylinders into action, when the by-pass 
valves should be closed. The suction pipe from the foot- 
valves to the delivery valve deck must be absolutely tight; 
anything short of this will cause the water end to refuse to 
work satisfactorily. All the suction valves and delivery 
valves should seat fairly and tightly. Care must be taken 
that there is no obstruction in the delivery pipe, such as a 
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closed valve, as pumps usually have sufficient margin in the 
driving force over the resistance to burst the water end, 
particularly if the momentum of a flywheel be added to it. 


%4, Pressure gauges should always be attached to the 
suction and delivery pipes, and they should be carefully 
watched during the process of starting, as trouble at the 
water end will be promptly recorded by the gauges. The 
lower end of the suction pipe should be kept well under 
water, as a slug of air taken into the pump may cause a 
violent jumping and in a direct-acting pump possibly a 
striking of the steam pistons against the heads. 


5. Watching the Air Chamber.—The delivery air 
chamber should be carefully watched during the starting 
and running. This should be provided with a gauge glass 
showing the height of the water and extent of the pulsation. 
The air chamber should be charged with air when the air in 
the chamber is lost, as shown by the rise of the water in the 
gauge glass. Large pumps are usually supplied with an air 
charging pump that is attached to and driven by the main 
pump, or an arrangement of pipes and valves is sometimes 
improvised for this purpose. In very large pumping plants, 
an independent air compressor or locomotive air pump is 
often used for this service. A very good idea of the inter- 
nal working of the pump can be obtained by placing the ear 
against the pump chambers; the seating of the valves can 
then be distinctly heard, and if there is any leak past either 
the suction or the delivery valves, it, too, is quite audible. 


DEFECTS IN PUMBS. 


SUCTION-END TROUBLES. 

76, The most common causes of pump failures are leaks 
below the suction valves. These may be at the joints or 
along the suction pipe or in the pump chamber, and may 
be due to imperfect connections, leaky chaplets, shifted 
cores, blowholes, corrosion, or cracks from frost. 
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%%. Small leaks in the suction end which are not suffi- 
cient to cause entire failure will cause the piston to jump, 
i. e., move suddenly, during the first part of the stroke. 
Leaky valves and plungers reduce the capacity of the pump; 
if this is the case, they should immediately be refitted and 
repacked. It is always best to have hot water flow to the 
pump by gravity; if it is necessary to lift it and the pump 
works with a jerky action, the lift is too high for the tem- 
perature, and one or the other must be reduced. In pump- 
ing from wells, care should be taken that the pump is near 
enough to the water to prevent the water falling below the 
maximum lift by suction. 


78. If the pump pounds soon after the beginning of a 
stroke, when running fast, it shows that the pump chamber 
is not filling and that the plunger is striking the incoming 
water on its return stroke. A suction air chamber will help 
to remedy the evil. Obstructions under the suction or 
delivery valves will cause a very decreased output or total 
failure. A suction strainer or end of suction pipe becoming 
embedded in sand or clogged with foreign matter will cut 
off the supply from a pump. 


“9. Air pockets under the delivery valve deck, caused 
either by bad design or a shifting core, will very much 
reduce the capacity and efficiency of apump. The effect of 
the air pocket is to entrap air, which is compressed to 
delivery-water pressure and expands again on the suction 
stroke. If the relative capacity of the pocket to the plunger 
displacement is sufficient, the entrapped air will expand to 
atmospheric pressure, reducing the suction lift to zero; this 
defect, however small, will always reduce the suction lift 
and is not easy to remedy; its existence should always be 
cause for the rejection of a pump. 

80. Pounding in pumps is sometimes caused by the 
water lagging behind the plunger, due to the friction of a 
small, long, horizontal suction pipe. When suction pipes 
have a long horizontal run, they should be one or two sizes 


larger. 
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DELIVERY-END TROUBLES. 


81. Pumps sometimes fail when the full head is resting 
upon the delivery valves by the air between the suction and 
delivery valves being expanded and compressed by the 
motion of the plunger. Air cocks should be provided close up 
under the delivery decks for discharging the air until the 
plungers have caught the water. If only a simple cock is 
fitted, it must be opened during the delivery stroke only and 
closed shortly before the suction stroke commences. This 
is to be repeated until a steady stream of water issues from 
it during the delivery stroke. An automatic air valve, 
which is simply a small spring loaded valve opening out- 
wardly and closing automatically during the suction stroke, 
is preferable; this valve should be secured to its seat after a 
steady stream of water issues during the delivery stroke. 
Violent jarring and trembling of the pump arises from the 
delivery air chamber becoming filled with water. It should 
be recharged with air by means of the air-charging pump, a 
near-by air compressor, or by a hand air pump. 


STEAM-END TROUBLES. 

82. The steam end of pumps should not be taken apart 
needlessly, especially the steam end of direct-acting pumps 
with steam-thrown valves, as their action is quite compli- 
cated, and a very slight misadjustment will cause a failure. 
If at any time it becomes necessary to dismantle the pump, 
all the parts, if not already marked, should be plainly marked 
with steel letters or numbers, rather than with a prick punch 
or chisel, and suitable gauges, by which all parts can be 
returned to their correct relative positions, should be made, 
if this is deemed advisable. In many duplex pumps there 
are very slight differences in the two sides; for instance, the 
crossheads that drive the valve levers are not keyed in 
exactly the same position on the piston rods and the rods 
are not interchangeable; the pump will not run successfully 


a 


if they are interchanged. In some pumps with steam- 
thrown valves, the valve chests are bolted to the cylinders, 
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and are reversible so far as fitting and bolting goes, but the 
auxiliary ports are not reversible and will be shut off in both 
valve chest and cylinder by reversing the chest. In placing 
the gasket between the valve chest and cylinder of pumps 
with steam-thrown valves, care should be taken to cut pas- 
sages through the gasket for the auxiliary ports. The valve 
levers, pins, and all connections between the piston rod of 
one side of a duplex pump and the valve of the opposite side 
should be kept in good condition, as the failure of these 
parts will cause a serious accident. 

$3. Onduplex pumps the amount of lost motion bet ween 
the valve stem and the valve should be very carefully 
adjusted; too little lost motion will cause short stroking, 
while too much will allow the pistons to strike the heads. 
If the pistons strike the cylinder heads, the dash relief valves, 
if fitted, should be closed until the stroke is shortened suffi- 
ciently for the pistons to clear the beads. If the stroke 
becomes too short, the opposite course should be followed. 
If no dash relief valves are fitted, the lost motion should be 
made smaller in case the pistons strike the heads. 

‘84. When a compound pump is fitted with a cross 
exhaust and it is seen that the pump is unable to complete 
its full stroke, the valve in the cross exhaust should be 
opened, 


TESTING PUMPS FOR LEAKAGE. 


85. Testing the Suction Pipe. 


Leaks are the most 
troublesome and most frequent sources of loss of efficiency 
in pumping machinery. Leaks in the suction pipe or suc- 
tion system affect the pump most and often cause its com- 
plete failure. These leaks can sometimes be detected by 
the ear, or the flame from a common tallow candle will often 
locate a leak in the suction by being drawn towards the hole 
by the air. Sometimes these leaks are very numerous, but 
so small that any one of them would be difficult to locate and 
be of small importance; at the same time, their combined 
effect may be sufficient to seriously affect the working of the 


‘ 
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pump. The best way to locate these leaks, which may be at 
the joints or along the body of the pipe, is to stop up the 
inlet end of the pipe, uncover it completely, and then put a 
water pressure on it, say from 40 to 50 pounds per square 
inch. Any leaks, however small, will then be readily 
detected. The suction pipe should always be tested for 
leaks before it is covered, if laid in a trench or otherwise 
made inaccessible, because it must be made tight before the 


pump will work successfully. 


86. Delivery Pipe Leaks.—Leaks in the delivery pipe, 
while common and at times more difficult to remedy than 
leaks inthe suction, are plainly evident. They do not affect 
the action of the pump or its efficiency to any extent, the 
loss being exactly proportional to the magnitude of the leak. 


8%. Repairing Leaky Pipes.—Probably the most satis- 
factory method of procedure in case a leaky section of pipe 
is discovered is to discard it and replace it with a new one. 
Circumstances, however, do not always permit this to be 
done, and then temporary repairs should be made. The 
manner of making the repair obviously depends on the 
position and extent of the leak and calls for the exercise of 
judgment and some skill. 


88. Small leaks in the form of pinholes in the suction 
pipe can generally be stopped effectually by a thick coat of 
red-lead putty spread over the pipe where the leaks occur. 
This should be covered with several layers of canvas covered 
on both sides with red-lead putty and wound as tightly as 
possible around the pipe. The canvas should then be 
secured by wrapping it with strong twine or annealed 
copper wire, put on as tightly as possible. If the suction pipe 
is split, it is usually well to cover the split part with a piece 
of sheet metal, preferably sheet lead, bent to the curvature 
of the pipe and put on with red-lead putty. The canvas 
should be wrapped over this. 

A permanent repair in case of pinholes can be made by 
drilling out the pinhole with a twist drill and tapping out 


§ 35 PUMPS. 41 


the hole. A closely fitting threaded plug of soft steel or 
wrought iron is then screwed in and the end riveted over. 


89. Simall pinholes in delivery pipes can often be stopped 
up by the same means given in Art. 88 for suction pipes. 
If the leak is extensive, 


however, it will gener- 


ally be necessary to use 


a pipe elamp. Such 


clamps may be made in —————— 
a good many different ; : Key 
Ways, according to the Sl 
location and extent of Fic. 23 


the leak and the facilities for repair. One of the simplest 
pipe clamps is shown in Fig. 23. It consists simply of a 
piece of sheet iron or sheet steel of sufficient width to 
cover the leak and bent to the form shown. A piece of sheet 
packing, which may be covered with red-lead putty to 
advantage, is placed over the leak and the pipe clamp is then 
placed over this and the ends drawn together by the bolt 
shown. 

The clamp shown in Fig. 23 is only adapted for small 
pipes. For large pipes the clamp must be made in two 


halves. 


90. Testing Air Chambers.—Air chambers must be 
absolutely tight. They are usually tested by closing all 
openings and then pumping air into them until the working 
pressure is reached, as shown by a pressure gauge. After 
24 hours this gauge should show no reduction of pressure. If 
the air chamber does not pass this test, the leaks may be dis- 
covered by filling it with water subjected to the working 
pressure. If there are a number of leaks, the chamber 
should be condemned; if only a few small leaks exist, they 
can usually be effectually stopped by drilling a hole at the 
leak and screwing in a plug. 


91. Leakage of Pistons and Plungers.—The plungers 
of inside-packed or center-packed plunger pumps should be 
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tight themselves, besides making a tight joint through the 
stuffingboxes, in order that water may not pass from one 
side to the other. The manner of testing will depend on 
their design, the general method of procedure being the sub- 
jecting of one side of the plunger to an air pressure or 
hydrostatic pressure at least equal to the working pressure. 
If leaks are discovered, judgment has to be used as to the 
manner of repairing them or whether to condemn the 
plunger. In some designs af inside-packed and center- 
packed pumps with closed hollow plungers, the weight of the 
plunger is so proportioned to its displacement as to relieve 
the stuffingboxes of nearly or quite all of its weight; itis then 
important that they be absolutely water-tight. 


92, Leakage Past Pistons and Plungers.—With pis- 
ton pumps and inside-packed plunger pumps there is lable 
to be considerable unnoticed leakage. If it is extensive, it 
can be heard by placing the ear against the pump chamber. 
It is best with this style of pump to make regular inspec- 
tions for leakage past the plunger or piston, providing suit- 
able pipes and apparatus by means of which pressure can be 
put on one side of the packing or piston while the other side 
is exposed for inspection. With outside-packed plungers 
there can be no unobserved leaks past the plungers, and this 
is the principal reason for their use. 


95. Leaks Past the Valves.—Leaks past the suction 
and delivery valves can readily be tested when the piston or 
plunger is being tested for leaks past them. The delivery 
and suction valves should be tested separately; the fact that 
the column of water in the delivery pipe does not drain out 
while standing is not proof that both sets of valves are tight, 
since either set will support the water while the other set 
may be leaking badly. 


94. To test the suction valves for leakage, disconnect 
the suction pipe or take any other convenient steps that will 
allow the leakage to be seen. Fill the delivery pipe full of 
water, having removed enough delivery valves to allow the 
pressure to reach all the suction valves, and observe which 
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valves, if any, are leaking. When there is a valve in the 
delivery pipe, this may be shut and water pumped into the 
pump cylinder with a small force pump, running the pressure 
up to the working pressure. Care must be taken, by remov- 
ing delivery valves if necessary, that the pressure reaches 
all the suction valves. 


95. The delivery valves can be tested by filling the 
delivery pipe or by closing the valve in the delivery pipe 
and pumping water into the delivery pipe between its valve 
and the pump delivery valve. The pump chamber must be 
open so that the leaks can be seen. 


SURGING OF WATER IN PIPEs. 

96. By surging of the water flowing through pipes is 
meant that its velocity of flow not only is not constant, but 
that the direction of flow reverses for a short period. This 
condition often exists in pumping machinery having very 
long suction or delivery pipes. It may occur either in the 
suction pipes or in the delivery pipes, being, however, most 
severe in the latter. Crank-and-flywheel pumps, owing to 
the variation in the piston speed between the beginning and 
end of the stroke, are particularly liable to cause surging, 
which is due entirely to an irregular delivery. 


97. Duplex direct-acting pumps, owing to the uniformity 
of delivery and the absence of heavy weights, such as fly- 
wheels, are little hable to cause surging, and when liquids 
must be moved through long mains, an instance of which 
are the long oil pipe lines, this pumpischosen. Crank-and- 
flywheel pumps forcing water through very high delivery 
pipes, as occurs in mine work, are seriously affected by the 
surging of the water. Air chambers do not help matters, 
but probably aggravate them by forming an elastic cushion 
for the column of water to rebound from. ‘The effect of 
surging water is to vary the pressure on the pump and 
mains, sometimes from zero to twice the pressure due to 
the vertical height, resulting in broken pump chambers, 
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pipes, and not infrequently in damage to the working parts 
of the pump, for the actual resistance to these shocks is not 
met until they arrive at the flywheel rim. 


98. Theremedying of surging is not easy of attainment. 
Air chambers placed along the delivery pipe at intervals are 
employed occasionally, the aim being to break up the vibra- 
tions of the surging water and get them out of step or out of 
harmony with the motion of the pump. Alleviators are 
sometimes used in place of air chambers to relieve the shock, 
and not being so elastic do not encourage surging to the 
extent that air chambers do. When for economical reasons 
it is desired to use the crank-and-flywheel pump, the varia- 
tions in pressure and the lability to surging can be very 
much reduced by using the three-throw crank with the pins 
set at 120° from one another. 


99. Surging in long suction pipes is liable to occur 
especially when the water flows to the pump by gravity; 
this is not so difficult to overcome or so serious in its effects 
as surging ithe delivery pipe, for the reason that the 
direction of the force resulting from the surge is through 
the pump valves and into the delivery, or in the natural 
direction of the water, while the shock due to surging in 
the delivery pipe comes against the valves and must be 
withstood by the machinery. 


100. To prevent shocks due to surging reaching the 
machinery, a liberal sized air chamber is needed on the 
suction main near the pump, and in addition spring-loaded 
relief valves may also be fitted to the main. These relief 
valves simply limit the pressure due to an unusually heavy 
surge that cannot be taken care of by the air chamber. 


PUMPING A MIXTURE OF WATER AND AIR. 


101. In mine and artesian-well work, large quantities of 
air are often mixed with the water, due to local disturbances 


in the source of supply, such as water discharging into it in 
the form of spray. When such a mixture of air and water 
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is pumped, the pump will have a jerky motion, that is, 
instead of moving steadily it will move in jumps, and in the 
case of direct-acting pumps there is danger of striking the 
cylinder heads. Besides, on account of the uneven dis- 
charge there will be violent disturbances in the delivery 
pipe. The only effectual remedy is to remove the air before 
it arrives at the pump. 


102. Fig. 24 shows the installation of a pump taking 
its water from an artesian well a, the water being highly 
charged with air and gas. A large suction air chamber @ is 
put into the suction pipe c; the water passes through the 
strainer d@ tothe pumpe. A vacuum pump / is connected 
by the pipe g to the top of the air chamber and not only 
maintains a vacuum in the chamber, but draws the air and 
gas out of the water in the chamber and before it reaches 
the pump. The gauge glass / not only shows the height of 
water in the air chamber, but also allows the bubbles of 
air and gas rising through the water to be seen. The 
vacuum pump is simply an ordinary steam pump pumping 
air instead of water; it is running constantly and its speed 
is regulated to suit the height of the water in the aim 
chamber. 


SETTING THE VALVES OF DUPLEX STEAM PUMPS. 

103. The steam valves of duplex pumps have no outside 
or inside lap, consequently when in their central position 
they just cover the steam ports leading to opposite ends of 
the cylinders. With all these valves a certain amount of 
lost motion is provided between the jam nuts and the valve. 
This lost motion in small pumps is within the steam chest, 
while in large pumps it is outside and may be adjusted while 
the pump is in motion. The first move in the process of 
setting the valves of duplex pumps is to remove the steam- 
chest bonnets and to place the pistons in their mid-stroke 
position. To do this, open the drip cocks and move each 
piston by prying on the crosshead, but never on the valve 
lever, until it comes into contact with the cylinder head. 
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Make a mark on the piston rod at the steam-end stuffing box 
gland. Move each piston back until it strikes the opposite 
head, and then make a second mark on the piston rod. 
Half way between the first and second mark make a third 
one. Then, if each piston is again moved until the last 
mark coincides with the face of the gland, the pistons will 
be exactly at their mid-stroke position. After placing the 
pistons in their mid-position, set the valves central over the 
ports. Adjust the locknuts so as to allow about 3; inch lost 
motion on each side. The best way of testing the equal 
division of the lost motion is to move each valve each 
way until it strikes the nut or nuts and see if the port 
openings are equal. When the port opening has been 
equalized, the valves are set. The valve motion need not 
be and should not be disturbed while setting the valves. 
Too much lost motion will tend to lengthen the stroke and 
may cause the piston to strike the cylinder heads, while on 
the other hand when there is not enough lost motion, the 
stroke will be perceptibly shortened. The proper amount of 
lost motion to give a certain length of stroke can only be 
found by trial for each particular pump. 


104. If only one valve of a duplex pump is to be set, 

ear in mind that it is operated by the piston of the opposite 
pump. Place that piston in its mid-position and then set 
the valve as previously explained. 


PUMPS. 


(PART 3.) 


CALCULATIONS RELATING TO PUMBS. 


DISPLACEMENT. 


1. The displacement of a pump for a single stroke is 
the volume of water that would be displaced (that is, driven 
out of the cylinder) by the piston or plunger during that 
stroke. 

In calculating the displacement of a pump ina given time, 
care must be taken to consider the number of strokes during 
which water is discharged. ‘Thus, fora single-acting pump, 
water is discharged only when the piston moves in one 
direction; and with the double-acting pump the number of 
strokes during which discharge occurs is equal to the total 
number of strokes that the piston makes. With a duplex 
double-acting pump, it is customary when giving the number 
of strokes per minute to refer only to the number of strokes 
made by one piston, which, obviously, is only one-half the 
total number of strokes made. As practice varies, how- 
ever, among engineers in this respect, 1t is best to find out 
in each case, by inquiry, whether the number of strokes of 
one piston or of both pistons in a given time is meant when 


the number of strokes is given. In the case of a crank- 
driven pump, for a single single-acting pump the strokes 
will be equal to the revolutions of the crank; for a single 
$ 36 
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double-acting and a double single-acting crank-driven pump 
the strokes will equal twice the number of revolutions; 
for a triplex single-acting crank-driven pump the strokes 
will equal three times the number of revolutions; and 
for a triplex double-acting pump, six times the number of 


revolutions. 


2. The displacement of a pump in a minute in cubic 
feet, gallons, or pounds is given by the following rule: 


Rule 1.—J/ultiply the length of stroke tn inches by the 
mean effective arca of the pump piston or plunger in square 
tnches and the number of strokes per minute. The product 
7s the displacement in cubic inches. To reduce the adisplace- 
ment to pounds, multiply by the weight of a cubic inch of the 
liquid pumped ; toreduce tocubie feet, divide the displacement 
by 1,728 ; toreduce to Winchester gallons, divide the displace- 
ment by 231, toreduce to English imperial gallons, divide 
the displacement by 277.27. 


Or, (RE) be NINES 
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where 
L = length of stroke in inches; 
A = area of piston or plunger in square inches; 
NV = number of delivery strokes per minute; 
S = weight in pounds of a cubic inch of the liquid, 
P,, = displacement in pounds per minute; 
PD, = displacement in cubic feet per minute; 
PD, = Usplacement in Winchester gallons per minute; 
D,, = displacement in English imperial gallons per minute. 


9») 


3. Attention is here called to the fact that there are 
three different gallons in use, of which the Winchester, or 
wine, gallon, measuring 231 cubic inches, is most commonly 
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used in America. In Great Britain and her colonies the 
imperial gallon, holding 277.27 cubic inches, is largely used 
as a measure. In most English-speaking countries the beer 
or ale gallon of 282 cubic inches capacity is also used, but 
almost exclusively for measuring the liquids mentioned. 
When the discharge of a pump is given in gallons in the 
United States of America, it is always understood, unless 
distinctly stated otherwise, to be in gallons measuring 
2381 cubic inches. 


4. The mean effective area of the piston or plunger 
is equal to the area corresponding to the diameter only in 
case of outside-packed plunger pumps. In case of inside- 
packed and center-packed plunger pumps and double-acting 
piston pumps, the mean effective area is found by dividing 
the sum of the piston or plunger area and the same area 
diminished by the area of the piston rod by 2. Thus, in a 
double-acting inside-packed plunger pump having a plunger 
10 inches in diameter and a 2-inch piston rod, the mean 
10° K .7854-- (10? « .7854 — 27 & .17854) 


» 


ww 


effective area is 


= 76.97 square inches. In case of a single-acting piston 
pump, which generally is a lift pump, the effective area will 
be the area of the piston diminished by the area of the 
piston red, since the piston rod is on the delivery side. In 
case of a differential pump having the plunger areas in the 
ratio of 1 to 2, the area of the smaller plunger is the effec- 
tive area. In rough, approximate calculations of displace- 
ment, the correction for the area of the piston rod or plunger 
rod need not be made, and then the area of the piston or 
plunger is considered as the effective area. When the dis- 
placement requires to be accurately known, however, the 
mean effective area should be used. 

EXxamp_e 1.—A single-acting plunger pump is driven by a crank 
whose radius is 8 inches and whose number of revolutions is 30 per 
minute. If the plunger is 6 inches in diameter, what is the displace- 
ment in cubic feet per minute ? 


So_utTion.—The number of discharging strokes of the plunger is 
equal to the number of revolutions of the crank, or 80 per minute; the 
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length of the stroke is 8 x 2=16inches. The area of the plunger 

is 6? & .7854 = 28.27 square inches. Applying rule 1, we have 

16 *& 28.27 «x 30 
1,728 


a= = Tits) Cle thy yolere senna, 3A \nls, 


EXAMPLE 2.—A center-packed double-acting duplex pump has 
plungers 24 inches diameter with 4-inch plunger rods. Each plunger 
makes 30 strokes per minute, the length of stroke being 82 inches. 
What is the displacement in American (Winchester) gallons per minute ? 

SoLuT1on —The mean effective area of the plungers is 

242 x .7854 + (242 « .7854 — 4? « .7854) 


~ = 446.1 square inches. 
~ 


Since the pump is duplex, there are 380 x 2 = 60 strokes per minute. 
Applying rule 1, we get 


32 x 446.1 « 60 


Di = ——— a 3,707.8 gal. per min. Ans. 


DISCHARGE. 


5. The theoretical discharge of a pump is equal to the 
displacement. 


6. The actual discharge is generally less than the dis- 
placement, owing to leakage past the valves and piston and 
also to the return of water through the valves while they are 
in the act of closing. 


=) Bil fl Br 


%. The difference between the displacement and the 
actual discharge, expressed as a percentage of the displace- 
ment, is called the slip of a pump. 


8. Negative Slip.—When the column of water in the 
suction and discharge pipes of a pump is long and the lift 
moderate, the energy imparted by the piston during the 
discharge stroke may be sufficient to keep the column 
in motion during all or a part of the return stroke. Under 
these conditions, the actual discharge may be greater than 
the displacement, and the slip is then said to be negative. 
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Rule 2.—7o calculate the slip of a pump, find the differ- 
ence between the displacement and the actual discharge, mutl- 
tiply it by 100, and divide the product by the displacement. 
The quotient wrll be the slip expressed in per cent. of the dats- 
placement. 

EXAMPLE.—A single-acting plunger pump witha plunger 8 inches in 
diameter and 386 inches stroke discharges 33.5 cubie feet of water per 
minute when making 85 discharging strokes. What is the slip ? 


SOLUTION.—By rule 1, the displacement is 


36 8" x 7854 >< 30 
1,728 


= 86.692 cubic feet per minute. 


By rule 2, the slip is 


(36.652 — 33.5) x 100 
36.692 


= SO1perrcent.. Mearhy. Ams: 


WORK DONE BY A PUMP. 


9. The useful work in foot-pounds done by a pump is 
the product of the water raised in pounds multiplied by the 
vertical distance in feet from the surface of the water in 
the well or supply reservoir to the outflow end of the dis- 
charge pipe. 


10. The actual work is always greater than the useful 
work. Force is required to overcome the friction of the 
piston or plunger in the cylinder or stuffingbox, and con- 
siderable force is also required to overcome the friction of 
the water in its passage through the pipes and the valves 
and passages of the pump. Some force must also be 
expended in giving the water the velocity it has when it 
leaves the discharge pipe. 

The theoretical force required to drive the piston is equal 
to its area multiplied by the pressure due to a head equal to 
the vertical distance from the surface of the water in the 
well to the outlet of the discharge pipe. The actual force 
can be found by the aid of a pressure gauge or indicator 
attached to the pump cylinder, which will give the actual 
pressure on the piston in pounds per square inch, 
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According to the principles of hydraulics and the flow of 
water through pipes, it is evident that the power required 
to overcome the frictional resistance of the water will be 
reduced by making the pipes large and direct and the pas- 
sages through the valves and pump of ample size and as 
direct as possible, so as to avoid loss from sudden change of 


direction of flow. 


HORSEPOWER OF PUMPS. 


11. The indicated horsepower developed in the cylinder 
or cylinders of a steam-driven or compressed-air-driven 
pump is found in exactly the same manner as with a steam 
engine and from the same data. The horsepower usefully 
expended is given by dividing the useful work done by the 
pump in 1 minute by 33,000. The ratio of the usefully 
expended horsepower to the indicated horsepower is an 
indication of the mechanical efficiency of the pumping 
apparatus considered as a whole. 


12. It is often required to estimate what horsepower will 
be required to pump a given quantity of water per minute 
to a given elevation or against a given pressure. ‘This 
problem can only be solved approximately by a general 
rule, there being a number of variable factors entering into 
the solution, such as the general run and length of the 
piping, the design of the water end, the degree of workman- 
ship, etc. The influence of some of these factors cannot be 
determined beforehand with any great degree of accuracy, 
and for that reason any general rule for estimating the 
required horsepower must be based on a low mechanical 
efficiency of the pumping apparatus in order to leave an 
ample margin for safety. 


13. In estimating upon the probable horsepower, it is 
occasionally necessary to convert a given pressure into a 
head of water in feet that will exert the same pressure. 
This can be readily done by multiplying the given pressure 
by 2.3. 
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14. If the volume of water to be discharged per minute 
is given in cubic feet and the vertical height from the suc- 
tion level to the discharge level in feet is known, the foot- 
pounds of work to be done is 62.5 & volume x vertical 
height, taking the weight of a cubic foot of water as 
62.5 pounds. Consequently, the theoretical horsepower is 

62.5 X volume X vertical height 
33,000 _ Ee 


foot-pounds of work to be done 
or - - = st 


33,000 
Assuming an efficiency of 70 per cent., the actual horse- 
power will be 
100 « foot-pounds of work to be done 


om #0 <x 33,000 


foot-pounds of work to be done 
‘- es aoo «  — 
Hence the following rule: 
tule 3.—To estimate the probable horsepower required to 
drive a pump, multiply the weight to be discharged per min- 
ule by the vertical lift and divide by 23,100. 
WL 


OG Hf, = ——— 
ree =~ *23, 100° 


where //, = estimated horsepower ; 
W=weight of water discharged per minute in 
pounds; 
La= Veruca itt in fect. 
ExampLe.—About what horsepower will be required to discharge 
350 gallons of water per minute, the total lift being 520 feet ? 
So_uTIon.—The weight of the Winchester, or ordinary American, 
gallon is 8.34 pounds, nearly. Hence, the weight of water to be 
pumped per minute is 350 x 8.34 = 2,919 pounds. 
Applying rule 3, we get 
2,919 x 32 
= 1) ae E about. Ans: 
o 23,100 
15. When the weight of water to be discharged per min- 
ute and the pressure against which it is to be pumped are 
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known, the foot-pounds of work to be done is weight * pres- 
sure X 2.3. Assuming an efficiency of 70 per cent., the 
actual horsepower required is 


100 X weight * pressure X 2.3 _ weight X pressure 


70 X 33,000 = 10,043 


Rule 4.—7o estimate the probable horsepower, multiply the 
weight of water to be pumped per minute by the pressure 
pumped against and dtvide by 10,048. 

WP 


; H, = —_., 
oe eS 08S? 


where P= pressure per square inch; 
W = weight of water per minute. 


In rules 5, G6, 7, and 8 the letters have the same meaning 
as in rules 3 and 4. 


EXAMPLE.—A pump is to pump 400 cubic feet of water per hour 
against a pressure of 90 pounds per square inch. Estimate the prob- 
able horsepower required. 

SoLuTION.—Reducing the volume per hour to pounds per minute, 
we have 

400 < 62.5 


Bo = 416.7, say 417 pounds. 
) 


Applying rule 4, we get 
Alt s<-90 


eo “10,048 


=. He ee about. Ans: 

16, Rule 5.—7o estimate the vertical lift with a given 
horsepower, multiply the horsepower by 23,100 and divide by 
the weight of water to be delivered per minute. 


On. i ee ff, 


EXAMPLE.—A pump driven by a 10-horsepower engine is to discharge 
2,000 pounds of water per minute. How high may this water be lifted, 
approximately ? 

SOLUTION.—Applying rule 5, we get 


23,100 « 10 


ee ee ae if — —ana4 
a 2.000 = 1b bat. “Ams: 
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1%. Rule 6.—T7o estimate the probable discharge in 
pounds per minute, divide 23,100 times the horsepower by the 
vertical lift in feet. 

2 Aa wUG 

Or, ge a ae 

6 


EXAMPLE.—How many pounds of water per minute, approximately, 
can a pump driven by a 20-horsepower engine discharge at a height of 
42 feet? 

SOLUTION.—Applying rule 6, we get 


Ey Bai ee) 
ai Se = 13750 1b, about, Ams 


18. Rule 7.—7o estimate the pressure that can be pumped 
against, multiply the horsepower by 10,043 and divide by the 
weight to be pumped per minute. 

0,043 77, 


OC 
oe aa aes 


EXAMPLE.—A 9-horsepower pump is to discharge 6,000 pounds of 
water per minute. Estimate against what pressure this can be 
discharged. 

SoLuTion.—Applying rule 7%, we get 
10 043 « 9 


= — eH 


= llolbr per squim Ams: 

19. Rule 8.—7o estimate the probable discharge tn 
pounds per minute, multiply the horsepower by 10,0438 and 
divide by the pressure to be pumped against. 

10,043 77, 


Or, W = 

EXAMPLE.—How much water may a pump be estimated to discharge 
in Winchester gallons per minute when the pump is 40-horsepower 
and pumps against a pressure of 100 pounds per square inch ? 


SoLuTIoN.—Applying rule 8, we get 


Yin sa = 4,017.2 pounds per minute. 


Since a Winchester gallon weighs 8.384 pounds, we have 


4,017.2 


sc 481.7 gal. per min. Ans. 
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SIZE OF PISTONS AND PLUNGERS. 


20. Before the size of a piston or plunger for the water 
end of a pump can be determined, the quantity of water to 
be pumped and the piston speed must be known. ‘The piston 
speed is the number of feet traveled per minute by the 
plunger when a@’scharging water; that is, it equals the length 
of the stroke in feet multiplied by the number of working 
strokes per minute. If the pump is double-acting, the 
number of working strokes is the same as the total number 
of plunger strokes, both forward and back; if single-acting, 
half that number. If the pump is duplex, it is advisable to 
consider only one side in determining the size of plunger or 
piston, designing it to suit one-half the total quantity of 
water to be delivered. In direct-acting steam pumps the 
piston speed is generally about 100 feet; at least it is custom- 
ary to design them on this assumption, and then to run the 
pump faster or slower to suit the required delivery, opening 
or closing the throttle valve to vary the speed of the pump. 

21. Knowing the actual volume of water to be discharged 
in 1 minute in eubse- feet, the plinger or piston area in 


discharge 


square feet will be theoretically. But in prac- 


piston speed’ 
tice the diameter of the plunger or pistom isgiven in 
inches, hence the area should be expressed in square inches. 


discharge in cubic feet x 144 
Then, anca— 


piston speed in feet ; 


and the corresponding diameter in inches will be 


discharge & 144 
.7854 X piston speed’ 


22. Since there is always more or less slip of the water, 
it is usual to design the pump on the assumption that it 
must pump 1.25 times the actual amount of water. On this 
assumption the plunger or piston diameter in inches will be 


discharge Sc 1.25 x 144 


.7854 X piston speed ” 
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229 x discharge 
or : 
piston speed 


Rule 9.—7o find the diametcr of a plunger or ptston in 
mnches, multiply the discharge in cubic feet per minute by 229 
and divide the product by the piston speed tn feet per minute. 
Leatract the square root of the quotient. 


oe ne wee 2. 


where @= diameter of piston or plunger in inches; 


D = actual discharge in cubic feet per minute; 
S = piston speed. 

When the discharge is given in pounds, gallons, or any 
other unit of volume, it should be reduced to cubic feet 
before applying rule 9. 

EXAMPLE.—What should be the diameter of a pump plunger required 
to discharge 130 Winchester gallons per minute, the speed of the 
plunger being 90 feet per minute ? 

SOLUTION.—Reducing the gallons to cubic feet, we have 

1380 « 231 
alate = 17.378 cubic feet per minute. 
é 1,728 
Applying rule 9, we get 


/ 229 X 17.378 


=§:G0um. early. Anes. 


23. Rule 10.—7o estimate the probable discharge in cubic 
feet, square the diameter of the plunger cr piston in inches 
and multiply by the piston eee Divide the product by 229. 

Or, Up = 399° 

EXxXAMPLE.—How many pounds of water per hour may a duplex 
double-acting pump be expected to discharge when the diameter of 
the plungers is 6 inches, the length of stroke 24 inches, and each 
plunger makes 40 strokes per minute ? 

SoLuTion.—The piston speed is ?4 x 40 = 80 feet per minute. The 
probable discharge per minute in Gir feet, by rule 10, is 


Cae 0s 
D= py 
2x 80 60 
jorese lakoyiling JD) = e x PSE 


229 
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The discharge in pounds per hour, taking 62.5 pounds as the weight 
of a cubic foot of water, is 
Ti 6? x 80 x 60 62.5 


229 
for one side of the pump. For both sides, 


62 3< 80 & 60 X 62.5 « 2 
> Sa 


D= == 1430 Rnlb. ) Asnss 


In applying rule 10 it is to be observed that the result 
will be less than given by multiplying the displacement per 
stroke by the number of strokes per minute, as called for by 
rule 1. The reason for this discrepancy is obvious; rule 1 
gives the theoretical discharge, while rule 10 gives about 
what the pump may actually be expected to discharge. 


24. In direct-acting steam pumps the normal piston 
speed is generally 100 feet per minute. On this basis the 
a? 100 


YC 


nad 


probable discharge in cubic feet, by rule 10, is D = 


>) 


@*> «100 & 1,728 
Roll eee 


and in Winchester gallons the discharge is 
= 3.200. 
tule 11.—T7o roughly approximate the probable normal 


discharge of a direct-acting steam pump in gallons, multiply 
the square of the diameter of the plunger or piston by 3.26. 


(One. yD 


oO on 2 
a 26 ie 


where J, = discharge in gallons per minute; 


@ = diameter of piston or plunger in inches. 


25. The theoretical normal discharge in gallons per 
minute at a piston speed of 100 feet is given almost exactly 
by multiplying the square of the diameter of the plunger or 
piston by 4. For a duplex pump the discharge is double 
that given by rule 11. 


EXAMPLE.—What may the discharge in gallons of a duplex pump 


with 6-inch plungers be roughly estimated at ? 
SOLUTION. —Applying rule 11, we get Dy = 3.26 X 6? for each side, 


or 
Dy = 8.26 X 6 & 2 = 235 gal. per min. Ans. 
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26. Having determined the proper plunger or piston 
diameter for the chosen piston speed, it remains to choose 
either a length of stroke or a number of strokes in order to 
determine either the number of strokes or the length of 
stroke. The ratio of the diameter to the length of stroke 
varies between very wide limits in practice, being as low 
as 1:1 and as high as 1:5. Obviously, the greater the 
ratio,,the fewer times will the valves have to be moved, 
hence a great ratio is generally chosen for pumps that have 
to run continuously in a hard, rough service. Having 
chosen a length of stroke, use the following rule: 


Rule 12.—7o find the number of strokes, divide the piston 
speed in feet by the chosen length of stroke in feet. To find 
the length of stroke in feel, divide the piston speed in feet by 
the number of delivery strokes per minute. 


Or, N =F, 
B) 
and = eS 
pi 
where P= piston speed; 


NV = number of delivery strokes per minute; 
4 = length ot stroke in feet. 


EXAMPLE.—What should be the length of stroke for a piston speed 
of 100 feet if the number of strokes per minute is 40? 
SoLuTion.—Applying rule 12, we get 
a 100 = Pa Oitt. a 


or 20 <12'= 30 in, Ans. 


SIZE OF STEAM END. 


2%. Ina direct-acting steam pump the size of the steam- 
end cylinder depends on two factors, which are the steam 
pressure available and the resistance against which the 
pump is to force the water. The stroke of the steam piston 
and water piston obviously are the same, both being rigidly 
connected to the same rod. 
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28. The forces acting on the steam piston and water 
piston are equal when the area of the steam piston x the 
steam pressure = area of water piston x pressure pumped 
against. But in order that there may be an ample margin 
to overcome the frictional resistances, which make the 
actual resistance to the motion of the water piston greater 
and lessen the force that impels the steam piston forwards, 
the area of the steam piston should be, at least, 40 per cent. 
in excess of its theoretical area. On this basis, we have 
area of steam piston 

_ 1.4 X area of water piston X pressure 


: 


steam pressure 


and diameter of steam piston 


’ 


‘1.4 x area of water piston X pressure 
ial / .7854 X steam pressure 


or diameter of steam piston 


/ a > 
1.8 X area of water piston X pressure 
a steam pressure ; 


Rule 13.—7o find the mintmum diameter of the steam 
piston of a direct-acting steam pump, multiply 1.8 times the 
area of the water piston in square inches by the pressure in 
pounds per square inch to be pumped against; divide by the 
available steam pressure and extract the square root of the 
quotient, 


On an = / Se 


where d@,, = minimum diameter of steam piston in inches; 
@ = area of water piston; 
fp = pressure to be pumped against; 
P =steam pressure available. 

ExampLe.—What should be the minimum diameter of the steam 
piston for a pump having a plunger 8 inches in diameter, the available 
steam pressure being 75 pounds per square inch and the water to be 
pumped against a pressure of 200 pounds per square inch ? 
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SOLUTION.—The area of the plunger is 8? x .7854 = 50.27 square 
inches. Applying now rule 13, we get 
/1.8 X 50.27 & 200 


Any = 4 ———— = hoi. Ams. 
iv 


29. It is to be observed that rule 13 applies equally well 
to steam- and air-driven pumps. It can also be applied to 
simple pumps of the crank-and-flywheel type using steam 
expansively. In the latter case, the mean effective pressure 
throughout the stroke must be taken as the available steam 
pressure. Rule 13 is especially useful in deciding whéther 
a given pump will pump against a known pressure with the 
existing sizes of steam and water pistons. It will also be 
found very useful in selecting a pump for a given service 
from the catalogues of manufacturers. 


30. In boiler-feed pumps the steam pressure available 
and the pressure pumped against are practically equal, so 
that it might be expected that the area of the steam piston 
would be made about 40 per cent. larger than the area of 
the water piston. In actual practice it is found, however, 
that pump manufacturers prefer to make the steam piston 
about 3 times the area of the water piston in very small 
pumps and about twice the area of the water piston in 
large pumps. The steam piston of boiler-feed pumps is 
made so largely in excess of what it really needs to be 
merely as a matter of safety; its large size simply tends to 
insure a prompt starting of the pump under almost all con- 
ditions likely to arise in practice. 


oi. The steamend of direci-acting pumps and of direct- 
connected crank-and-flywheel pumps, where the steam and 
water pistons move together, is rarely proportioned on the 
basis of horsepower required to do the work, it being much 
easier to calculate the size of the steam end by rule 13. 


32. When a power pump is driven by a separate steam 
engine, through the intervention of belting or gearing, the 
engine itsel’ is generally selected on the basis of horsepower 
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required to do the work, and then the question as to what 
size of engine to use presents itself. This problem is capa- 
ble of an infinite number of solutions, since a variation of 
either of the two factors—piston speed and mean effective 
pressure—will cause a difference in size. In general, the 
steam engine for driving a pump is selected in exactly the 
same manner, as far as its size is concerned, as a steam 
engine for any other service. 


THE DUTY OF STEAM PUMPS. 


DEFINITION. 


oo. The ratio between the work done by a pump and a 
certain amount of coal, steam, or heat units used to do the 
work is called the duty of the pump. 

During a certain time, say an houror a day, the pump will 
raise a quantity of water through a certain height and thus 
perform a definite amount of work. To do this work, the 
pump has received from the boilers a certain number of heat 
units or a number of pounds of steam; or, if the boilers are 
included as a part of the system, the work has been accom- 
plished by consuming a certain amount of coal. The pump 
is credited with the work it has performed in the stated time 
and is charged with the number of heat units, pounds of 
steam, or pounds of coal it has used in doing the work. It is 
plain that the economy of the pump or pumping engine is 
measured by the ratio of the work performed to the steam 
consumed or the coal burned. Thus, if one pump does 
50,000,000 foot-pounds of work with a coal consumption of 
100 pounds and another under the same conditions does 
36,000,000 foot-pounds and consumes only 60 pounds of coal, 
the latter is evidently the more economical, since the ratio of 
work to coal consumption is larger, being (36,000,000 + 60) 
x 100 = 60,000,000 foot-pounds of work with a coal con- 
sumption of 100 pounds. 
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. 


DUTY BASED ON COAL CONSUMPTION. 


34. When the duty is based on the consumption of coal, 
it is customary to assume 100 pounds of coal as the fuel unit; 
that is, the duty is defined as the number of foot-pounds of 
work performed for each 100 pounds of coal burned. Then, 


pounds of coal 


Duty = foot-pounds of work = 100 ; 


foot-pounds of work « 100 


or Duty = 


: pounds of coal 


Rule 14.—/7o find the duty of a pump per 100 pounds of 
coal, multiply together 100, the weight of water pumped in a 
given time in pounds, and the vertical distance in feet from 
the level of supply to the level of discharge. Divide the prod- 


uct by the coal consumption in the same time tn pounds. 


100 wh 


Or, ID = I] 5 


where == aay: 
w = weight of water in pounds; 
W = weight of coal in pounds; 
# = vertical litt in feet. 

EXAMPLE.—A pump raises 130,000 pounds of water 60 feet and the 
operation requires the combustion of 20 pounds of coal. What is the 
duty? 

SoLtutTion.—Applying rule 14, we have 

109 x 180,000 x 60 
pe x 


On 


x0 


= 31,200,000 ft.-lb. per 100 lb. of coal. Ans. 


39. The duty based on the coal consumption is of practi- 
cal value, as it gives an idea of the coal required by a pump 
of a given type for the performance of a stated quantity of 
work. It isclear,however, that if a comparison of the merits 
of two pumps is to be made, the coal must be of the same 
quality in each case. Further, the boilers supplying steam 
to the pumps should be of the same type or at least have 
the same evaporative capacity. This is a point of great 
importance. One hundred pounds of good bituminous or 
anthracite coal may, under favorable conditions, evaporate 

EES Wor 
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1,000 to 1,100 pounds of water; that is, furnish that number 
of pounds of steam to the pump. In many cases, however, 
the 100 pounds of coal, if of inferior quality and burned 
under a poor boiler, will not furnish the pump more than 
450 to 600 pounds of steam. Under such conditions the 
duty of the pump based on the coal consumption would not 
be a fair indication of its efficiency and would not serve as 
a satisfactory basis for comparing it with other pumps. 


DUTY BASED ON STEAM CONSUMPTION. 

36. In order to avoid the drawbacks incidental to basing 
the duty of pump on the coal consumption, it is the custom 
of some pump makers to specify that the coal consumption 
shall be estimated on the supposition that a pound of coal 
evaporates 10 pounds of water, or, in other words, furnishes 
10 pounds of steam tothe pump. To make this clear, suppose 
that in a duty trial 32,000 pounds of steam were used by the 
pump; the duty of the pump would be calculated on the 


pad 


assumption that the coal consumption was 32,000 + 10 
= 3,200 pounds, though 5,000 pounds might actually have 
been used. If 1 pound of coal is assumed to furnish 10 pounds 
of steam, 100 pounds of coal will furnish 1,000 pounds of 
steam; hence, the duty based on steam consumption may be 
defined as the number of foot-pounds of work done by the 


pump per 1,000 pounds of dry steam supplied it. Then, 


Duty = foot-pounds of work x 1,000 


pounds of steam 

Rule 15.—7o find the duty of a pump per 1,000 pounds of 
dry steam, multiply together the weight of water pumped tn 
pounds, the vertical distance in feet from the level of supply 
to the level of discharge, and 1,000. Divide by the weight of 
steam supplied in pounds. 
__ 1,000 wh 


« 
re) 


Or, dD 


where S = weight of dry steam supplied in pounds and the 
other letters have the same meaning as in rule 14. 
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EXAMPLE.—A pump lifted 7,920,000 pounds of water 126 feet with 
8,100 pounds of steam. What is its duty ? 
SOLUTION.—Applying rule 15, we get 


Tie 1,000 x 7,920,000 x 126 
7 8,100 


= 123,200,000 ft.-lb. of work per 1,000 lb. of dry steam. Ans. 


3%. The basis of 1,000 pounds of dry steam is more 
scientific and better adapted for duty trials than that of 
100 pounds of coal, but it is open, nevertheless, to objections. 
Not only is it difficult to determine the exact weight of dry 
steam entering the pump, but also 1,000 pounds of steam at 
160 pounds pressure will do more work in the cylinder than 
1,000 pounds of steam at 60 pounds pressure. If scientific 
accuracy is sought, the pressure of the steam should be 
specified in addition to the weight. 


DUTY BASED ON HEAT UNITS SUPPLIED. 


38. On account of the objections to the basis of com- 
parison then used, a committee of The American Society of 
Mechanical Engineers in 1891 recommended a new basis for 
the estimation of duty. Whether the furnace consumes 100 or 
260 pounds of coal, whether the steam is at 60 or 160 pounds 
pressure, wet or dry, the steam cylinders of the pump or 
pumping engine receive in a given time a definite number 
of British thermal units. We have seen that if each of two 
pumps 1s allowed 100 pounds of coal to do a certain amount 
of work, one of the pumps may be at a disadvantage on 
account of the poor quality of the coal or the inefficiency of 
the boiler. If each is allowed 1,000 pounds of dry steam, 
there may be an inequality because of a difference in the 
steam pressure in the two cases. If, however, each pump is 
furnished with an equal number of heat units, each has 
exactly the same stock in trade, and the merit of each pump 
can be gauged by the use it makes of the heat units furnished 
it, that is, by the ratio of the work performed to number of 
heat units supplied. 
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39. If a pound of water has a temperature of 212°, it 
requires 966.1 B. T. U. to change it to steam at atmospheric 
pressure. If the water has originally a lower temperature 
or is converted into steam at higher pressure, more B. T. U. 
are required to accomplish the change. Roughly speaking, 
if the temperature of the feed and pressure of the steam 
are not given, about 1,000 to 1,100 B. T. U. are equivalent 
toa pound of steam. Therefore, 1,000 pounds of steam are 
equivalent to about 1,000 x 1,000 = 1,000,000 B. T. U. 


40. Looking at the question in another light, a pound 
of good coal when burned produces about 13,500 to 14,000 
B. T. U. by the combustion. A boiler of fairly good eff- 
ciency will utilize perhaps 10,000 of these 13,500 B. T. U., 
the rest being lost by radiation, in the production of chim- 
ney draft, and in other ways. From 100 pounds of coal 
the boiler is able to extract 100 x 10,000 = 1,000,000 B.T.U., 
which are eventually given upto the pump. It thus appears 
that 100 pounds of coal and 1,000 pounds of steam are each 
approximately equivalent to 1000,000 B. T. Ul; for tins 
reason, the committee of The American Society of Mechan- 
ical Engineers recommended that the new basis for estima- 
ting duty should be 1,000,000 B. T. U. 


41. The heat-unit basis is now very extensively used and 
is recommended in preference to the others. It may be 
expressed as follows: 

The duty of a pumping engine is equal to the total num- 
ber of foot-pounds of work actually done by the pump 
divided by the total number of heat units in the steam used 
by the pump, and this quotient multiplied by 1,000,000. The 
heat units in the steam used for driving the auxiliary 
machinery, such as the air pump and circulating pump of 
the condenser, if one is used, and the boiler-feed pumps are 
charged as heat units supplied to the pump. 


42%. The number of foot-pounds of work done by the 
pump is to be found as follows: A pressure gauge is 
attached to the discharge pipe and a vacuum gauge to the 


§ 36 PUMPS. Pail 


suction pipe, both as near the pump as convenient; then 
the net pressure against which the pump plunger works is 
equal to the sum or difference in the pressures shown by 
these two gauges increased by the hydrostatic pressure due 
to the difference in level of the points in the pipes to which 
they are attached. In case the gauge in the suction pipe 
indicates a vacuum, the sum of the pressures indicated by 
the gauges is taken, but when the water flows into the suc- 
tion pipe under a head, so that the suction gauge indicates 
a pressure above the atmospheric pressure, the difference in 
the two pressures indicated by the gauges is taken. 


43. The number of foot-pounds of work done during 
the trial is equal to the continued product of the net area 
of the plunger in square inches (making allowance for 
piston rods), the length of the plunger stroke in feet, the 
number of plunger strokes made during the trial, and the 
net pressure in pounds per square inch against which 
the plungers work. 


44, The pressure corresponding to the vacuum in 
inches indicated by the gauge on the suction pipe is found 
by multiplying the gauge reading in inches by .4914, and 
the pressure corresponding to the difference in the level of 
the two gauges by multiplying this difference in feet by 
.434. The number of heat units furnished to the pump is 
the number of British thermal units in the steam from the 
boilers and is to be determined by an evaporation test of 
the boilers. 


tule 16.—To determine the duty of a pump per 1,000,000 
LB. 1. U., multiply the net pressure against which the plunger 
works, in pounds per square inch, by the net area of the 
plunger in square inches, by the average length of stroke in 
feet, the total number of delivery strokes made during the 
trial, and by 1,000,000, Divide the product by the total 
number of B. T. U. supplied during the trial. 


1,000,000 (P FEES \ Ae 
Or, ee ( =f ie a —, 
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where. 0 = duty; 

P= pressure in pounds per square inch in the dis- 
charge pipe; 

p= pressure in pounds per square inch in the suc- 
tion pipe, to be added in case of a vacuum and 
to be subtracted in case of pressure above 
atmospheric pressure in the suction pipe; 

S = pressure in pounds per square inch correspond- 
ing to difference in level between the gauges; 

A =average effective area of plunger in square 
inches’; 

£ = length of stroke of pump plunger in feet; 

WN = total number of delivery strokes; 

HH = total number ot B. YT. U. supplied. 


ExampLe.—A crank-and-flywheel pump has two double-acting water 
plungers,. each 20 inches in diameter and 36 inches stroke. Each 
plunger has a piston rod 3 inches in diameter extending through one 
pump-cylinder head. 

During a 10-hour duty trial the total heat in the steam supplied to 
the engine was 85,752,340 B. T. U. and the engine made 9,527 revolu- 
tions. If the average pressure indicated by a gauge on the discharge 
pipe was 954 pounds, the average vacuum indicated by a gauge on the 
suction pipe 8} inches, and the difference in level between the centers 
of the vacuum and the pressure gauge 8 feet, what was the duty ? 

~So_utTion.—The area of a plunger 20 inches in diameter is 
314.16 square inches and the cross-sectional area of a rod 3 inches in 
diameter is 7.07 square inches. Since the rod extends through only one 
end of the pump cylinder, the average effective area of the two ends 


TO 


of each plunger is 314.16 — —,—- = 310.63 square inches. 
~ 


Oo.c0 
< .4914 = 4.05 pounds per square inch, and the pressure corresponding 
to a difference in level of 8 feet is S=8 x .484= 3.47 pounds per 
square inch. 


The pressure corresponding to a vacuum of 8} inches is p = 8.25 


Since there are two double-acting plungers, the total number of 
plunger strokes corresponding to 9,527 revolutions is MV = 9,527 < 4 
Eto Qian 


Applying rule 16, we get 


ies 1,000,000 SK (95.5 + 4.05 + 3.47) x 310.63 x 83 « 38,108 
752,340 2 


= 102,328,800 ft.-lb. per 1,000,000 B. T. U. Ans. 
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DUTY BASED ON VOLUME OR WEIGHT PUMPED. 


45. In large pumping plants it often happens that the 
pressure pumped against is either constant or practically 
so. In sucha plant a record is often kept for the purpose 
of comparing the performance of the plant from week to 
week or month to month with its former performances. 
The records may be kept in number of gallons pumped per 
pound of coal; in cubic feet pumped per pound of coal; in 
weight of water in pounds or tons pumped per pound of 
coal; or the record may be kept per ton or bushel of coal, 
etc. Duty computed on such a basis is spoken of as gallon 
duty, cubic-foot duty, pound duty, ton duty, etc.; while 
such a duty is very valuable in showing variations in effi- 
ciency of a given plant at different times, it cannot be used 
as a basis of comparison between the performances of dif- 
ferent pumping plants, and when so used will be utterly 
misleading. 

Instead of keeping the records in terms of quantity of 
water pumped per pound of coal, they may advantageously 
be kept in terms of water pumped per dollar; the records 
then show variations in efficiency in their true light. 


EXPRESSING THE DUTY OF A PUMP. 


46. The question ‘‘in what terms shall the duty of a 
pump be expressed’ depends for its answer on the purpose 
for which it is required that the duty be known. If the 
duty is merely required to be known in order that the per- 
formances of a given pump at different times may be com- 
pared with one another, the duty may be based on coal con- 
sumption, steam consumption, or volume pumped per some 
unit of fuel or money. If, however, the performance of a 
pump is to be compared with that of others working proba- 
bly under entirely different conditions, the foot-pounds of 
work done per 1,000,000 B. T. U. is the only true basis of 
comparison. 
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AVERAGE DUTIES. 

4%. Small direct-acting pumps for general service have a 
duty of 15,000,000 foot-pounds per 1,000 pounds of steam 
used. Compound direct-acting pumps of 5,000,000 gallons 
capacity in 24 hours should give a duty of 50,000,000 foot- 
pounds per 1,000 pounds of steam used. Large municipal 
pumping engines of 20,000,000 gallons capacity in 24 hours 
have given a duty of 160,000,000 foot-pounds per 1,000 pounds 
of dry steam used by the engine. 

Centrifugal and rotary pumps have a duty depending on 
the type of engine used to drive them, and since they 
usually run at high speed and the conditions for economical 
performance are good, an economical type of engine can be 
used and the duty of the combined unit thus made to com- 
pare very favorably with that of the reciprocating pump. 


48. Tests of the duty of pumps and pumping engines 
have generally been made when the machinery was in first- 


class condition. It is customary to run these machines 


from 6 months to 1 year after they are installed before 
making the test, the object being to bring all the journals 
intoa good bearing condition; also, the piston and all the 
other rubbing surfaces will be much improved by the polish- 
ing and the working of oil into the pores of the iron during 
running. These high duties can only be maintained by the 
closest attention to every detail by the operating engineer. 
Indicator cards should be taken from both the steam and 
the water ends of the pumps every week and closely com- 
pared with previous indications to see that the highest state 
of efficiency is being maintained within the working parts 
of the pump. 


EFFICIENCY OF VARIOUS TYPES OF PUMPS. 


49. When the efficiency of a pump is spoken of, its 
mechanical efficiency is generally meant, unless stated other- 
wise. This is measured by dividing the actual or net horse- 
power of the machine by its indicated horsepower, and the 
quotient, when multiplied by 100, will be the efficiency 


sae. PUMPS. 2! 


expressed in per cent. Very small direct-acting steam 
pumps have an efficiency of about 50 per cent., the efficiency 
increasing with the size of the pump up to about 80 per 
cent. The efficiency of direct-acting steam pumps and also 
of pumps in general increases with the size by reason of the 
decrease in the ratio that the frictional resistances bear to 
the indicated horsepower as the size of the pipes and pas- 
sages is increased. The reason that the frictional resist- 
ances decrease can readily be seen when it is considered that 
by doubling the diameter of a pipe and keeping the velocity 
of flow the same, the discharge will be increased four times, 
while the surface that the water is rubbing against is only 
doubled. 


50. Large vertical municipal pumping engines have 
shown an efficiency as high as 96 per cent.; horizontal 
medium-size crank-and-flywheel pumps show efficiencies as 
high as 90) percent. The efficiency of céentrifual, rotary, 
and screw pumps varies between 40 and 66 per cent., about, 
depending on the size; small pumps are less efficient than 
larger ones. This cfficiency of centrifugal, rotary, and screw 
pumps is the efficzency of the pump itself, and not the com- 
bined efficiency of the pump and engine, or motor, driving it. 


SIZE OF SUCTION AND DELIVERY PIPES. 

51. Experience has demonstrated that for satisfactory 
work the flow of water in the suction pipes of pumps should 
not exceed 200 feet per minute, and it should not be more 
than 500 feet in the delivery pipe for a duplex double-acting 
pump, or 400 feet for a single-cylinder double-acting pump. 

Knowing the volume of water that is to flow through or 
to be discharged from a pipe in 1 minute, the area of the 
suction and delivery pipes can readily be determined. 

The volume of water in cubic feet discharged from a pipe 
in 1 minute is equal to the velocity in feet per minute 
times the area of the pipe in square feet. Then, 


volume in cubic feet per minute 


é of the pipe = ssa NRE ae pe ase See aA 
REACTOR IE IP velocity in feet per minute 


oo 
So 
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As there are 144 square inches in a square foot, 
the area of the pipe in square inches 


144 x volume in cubic feet per minute 


velocity in feet per minute 


Rule 17.—7o find the area of a pipe in square inches to 
discharge a given volume of water per minute, atvide the 
product of the volume in cubte feet and 144 by the allow- 
able velocity in feet per minute. 


/ Va 
me Anis 


’ 
Vos 


where A = Area or pipe 1m square inches. 
V = volume to be discharged per minute; 
v = allowable velocity. 


When the weight of water is given in pounds, divide 
it by 62.5 to reduce it to cubic feet; when the volume is 
given in Winchester gallons, divide it by 7.48 to reduce it 
to cubic feet. 


EXAMPLE.—What should be the areas of the suction and delivery 
pipes for a single double-acting pump that is to discharge 6,250 pounds 
of water per minute ? 

6,250 


SoLuTION.—Reducing the weight to cubic feet, we have 62.5 
mw 


= 100 cubic feet. Then, applying rule 17, we have 


144 « 100 


= = 79 re inc 
YA = 300 = 72 square inches 
as the area of the suction pipe, and 
144 «x 100 s 
A= i = 36 square inches 


as the area of the delivery pipe. The nearest standard nominal sizes 
of pipe to be used would be 10-inch and 7-inch. Ans. 


52. The velocity with which water will flow through the 


delivery pipe of a pump when the area of the water cylin- 
der, the area of the delivery pipe, and the piston speed of 
the pump are known, is given by the following rule: 

Rule 18.—Muliiply the area of the water piston by the pis- 
ton speed and atvide this product by the area of the delivery 
pipe. 
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where wv = velocity in feet per minute; 
A = area of delivery pipe in square inches; 
@ = area of water piston in square inches; 
S = piston speed in feet per minute. 


EXAMPLE.—If the water piston of a pump has an area of 12 square 
inches and moves at a speed of 100 feet per minute, what will be the 
velocity of the water in the delivery pipe if the latter has an area of 
2 square inches ? 


SOLUTION.—Applying rule 18, we get 


= 600 ft. per min. Ans. 


12 x 100 
a 


EXAMPLES FOR PRACTICE. 


1. The plungers of a center-packed double-acting duplex pump 
are 20 inches in diameter and the plunger rods are 3} inches in diam- 
eter. Each plunger makes 45 strokes per minute, the length of stroke 
being 24 inches. What is the displacement in cubic feet per minute ? 

Ans. 886.69 cu. ft. 


.2. In the above example, if the pump delivers but 860 cubic feet 
per minute, what is the slip? Ans. 6.9 per cent. 


3. Approximately, what horsepower will be required to deliver 
60 cubic feet of water per minute, the total lift being 470 feet ? 
Ams, 76:3) El. 2: 


4. What is the probable horsepower required to deliver 3,500 gal- 
lons of water per hour against a pressure of 115 pounds per square inch ? 
Males tp daly Jee 


5. A pump driven by a 25-horsepower engine is to discharge 
60 cubic feet of water per minute. How high may this water be lifted, 
approximately ? Ans. 154 ft. 


6. Approximately, how many gallons of water per hour can a pump 
driven by a 30-horsepower engine deliver at a height of 65 feet ? 
Ans. 1,278.3 gallons. 
8 


7. Approximately, against what pressure can a 20-horsepower 


pump discharge 2,500 cubic feet of water per hour ? 
Ans. 77 1b. per sq. in. 
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8. About how many cubic feet of water per minute may a 75-horse- 
power pump be expected to discharge against a pressure of 150 pounds 
per square inch ? Ans. 80.3 cu. ft. per min. 


9. Apump isrequired to discharge 1,800 cubic feet of water per hour. 
If the speed of the plunger is 100 feet per minute, what should be the 
diameter of the plunger ? Ans. 8.29 in., nearly. 


10. If the plunger of a double-acting pump is 10 inches in diameter 
and the length of stroke is 24 inches, how many gallons of water per 
hour may the pump be expected to deliver if it makes 45 strokes per 
minute ? Ans. 17,639 gal. per hr. 

11. Roughly estimate the discharge in gallons of a direct-acting 
steam pump having a plunger 7 inches in diameter. 

Ans. 159.7 gal. per min. 

12. If the piston speed is 90 feet per minute and the length of stroke 
2 feet, how many strokes per minute will the pump make ? Ans. 45. 


18. Calculate the minimum diameter of the steam piston for a pump 
having a plunger 12 inches in diameter, the pressure to be pumped 
against being 175 pounds per square inch and the available steam 
pressure 100 pounds per square inch. Ans. 18.87 in. 


14. What is the duty per 100 pounds of coal of a pump that raises 
330,000 pounds of water 125 feet and requires 110 pounds of coal to per- 
form the operation ? Ans. 387,500,000 ft.-lb. 


15. If 20,016 pounds of steam are consumed by a pump in lifting 
1,200,000 gallons of water 150 feet, what is the duty per 1,000 pounds of 
dry steam ? Ans. 75,000,000 ft.-lb. 


16. A double-acting pump has a stroke of 40 inches; the diameter of 
the plunger is 24 inches and the diameter of the piston rod, which 
extends through one pump-cylinder head, is 3} inches. During a 12-hour 
duty trial the total heat supplied to the engine was 47,652,500 B. T. U. 
and the engine made 23,200 strokes. What was the duty of the pump 
per 1,000,000 B. T. U. if the average pressure indicated by the gauge on 
the discharge pipe was 122 pounds, the average vacuum indicated by a 
gauge on the suction pipe 5 inches, and the difference in level between 
the centers of the vacuum gauge and pressure gauge was 10 feet ? 

Ans. 93,555,123 ft.-Ib. 


17. Calculate the area of the suction and delivery pipes for a single- 
acting pump that is to discharge 1,250 gallons of water per minute. 
ee {Suction pipe, 120.3 sq. in. 
~ | Delivery pipe, 60.15 sq. in. 
18. If the plunger of a single-acting pump has a speed of 85 feet 
per minute and a diameter of 6 inches, what will be the velocity of the 
water in the delivery pipe if the latter has an area of 6 square inches? 


Ans. 400.5 ft. per min. 


con 
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SELECTION OF PUMPS. 


SERVICE OF DIFFERENT TYPES OF PUMPS. 


53. Introduction.—The service for which a pump is 
required determines its general type, that is, whether it is 
to be a plunger pump, a rotary pump, a centrifugal pump, 
or a screw pump. 


54. Reciprocating Pumps.—-The various types of 
reciprocating pumps are selected when high efficiency is 
required and a fluid for which they are suited is-to be 
pumped. 


55, Rotary Pumps.—The rotary pump is chosen when 
the fluid to be pumped is water holding in suspension large 
masses of soft material. It is much used in paper mills 
for pumping the pulp from one stage of its manufacture to 
another. Rotary pumps are small and occupy, relatively, 
but little space for their capacity; they are also light, 
simple, and inexpensive, but are low in efficiency and are 
short lived, particularly if the material pumped contains 
much sand or other grit. The rotary pump is used with 
good success on some steam fire-engines, where light weight 
and simplicity are more important than high efficiency. 

56, Centrifugal Pumps.—Centrifugal pumps are used 
where large volumes of water are to be lifted to moderate 
heights. They are also well adapted for pumping large 
quantities of dirty water, and, hence, are also much used for 
dredging and for sewage pumping. The efficiency of the 
centrifugal pump is low, but it is extremely simple and 
occupies comparatively little space for its capacity. Like 
the rotary pump, it has no valves and the flow is con- 
tinuous. It is less affected by sand and grit than is the 
rotary pump. Neither the rotary pump nor the centrifugal 
pump requires much, if any, foundation. 


5%. Displacement Pumps.—Under the head of dis- 
placement pumps may be classed the pulsometer, which has 
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no running parts. This type of pump is well adapted for 
pumping all kinds of gritty water and is used for sinking 
and contractor's purposes. It is very simple in construc- 
tion, low in first cost, and is not liable to get out of order. 
The class of pumps known as air lifts are principally used 
for artesian-well service; they require an air compressor for 
operation, but the apparatus itself is simple and low in first 
cost. 

58. Screw Pumps.—Screw pumps are adapted for the 
handling of thick liquids, such as hot tar, pitch, paraffin, 
soap, etc. They have a uniform discharge and occupy small 
space; a much higher efficiency is claimed for them than 
for rotary or centrifugal pumps. 


RECIPROCATING PUMPS. 


CLASSIFICATION. 

59. The reciprocating pump is, in general, the most 
efficient and hence the most common pump. _ It is built in 
a large variety of designs to suit different conditions and 
varies in size between very wide limits. Reciprocating 
pumps may be classified in accordance with the service for 
which they are intended as boiler-feed pumps, general- 
service pumps, tank or light-service pumps, fire pumps, low 
steam-pressure pumps, pressure pumps, mine pumps, sink- 
ing pumps, ballast pumps, wrecking pumps, deep-well 
pumps, sewage pumps, vacuum pumps, power pumps, 
municipal pumping engines, etc. 


BOILER-FEED PUMPS. 

60. Boiler-feed pumps are used for supplying steam 
boilers with their necessary water supply. For low pres- 
sures they are usually made of the piston pattern or the 
inside-packed plunger patterns. The cylinders are generally 
brass lined; the valves are brass or hard composition, with 
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composition springs and guards, and the pumps, hence, are 
suitable for handling hot water. For pressures above 
135 pounds the outside-packed plunger type is preferred. 
Boiler-feed pumps are made both vertical and horizontal 
and for pressures from 50 pounds to 300 pounds per square 
inch. They vary in size from those having water plungers 
l inch in diameter to those having plungers 10 inches in 
diameter. The single-cylinder type is much used for boiler 
feeding, but, perhaps undeservedly, they have not the repu- 
tation for continuous action under all circumstances that is 
given to the duplex pump. Power pumps are often used 
for boiler feeding. 


61. Whenever possible the boiler feeding apparatus 
should be in duplicate, so that the stoppage of one set will 
not affect the running of the plant. his end is generally 
secured by installing both a pump and an injector, each 
having a capacity sufficient for the needs of the plant. 


62. Steam-driven crank-and-flywheel pumps are occa- 
sionally used, but they are open to the serious objection that 
they cannot always be run slow enough to suit the demand 
without stopping on the centers. In very large electrical 
installations, the electrically driven power pump is the most 
economical and satisfactory arrangement. Mills and fac- 
tories often use the two-throw power pump having a movy- 
able crankpin, by means of which the stroke and hence 
the quantity of water pumped can be adjusted to suit the 
requirements. By this means a constant supply of feed- 
water equal to the demands for steam can be obtained, 
which is superior tothe practice of pumping large quantities 
of water into the boilers at intervals.  Boiler-feed pumps 
should not be required to run faster than 100 feet per 
minute piston speed. The velocity of water through the 
suction pipe should not exceed 200 feet and through the 
delivery should not be more than 400 feet. If the pipes are 
long or fitted with elbows, the velocity should be correspond. 
ingly decreased. 
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63. In determining the proper capacity of a pump for 
boiler feeding, the pump should be selected in reference to 
the amount of steam the boilers must supply. This is rarely 
only the amount used by the engine; in fact, in many indus- 
trial establishments much more steam is needed for other 
machinery than for the engine. Hence, it is best to always 
base the estimate as to the amount of water required on the 
maximum capacity of the boilers. 


64. The maximum water consumption may be estimated 
in pounds per minute by one of the following rules, which 
hold good for average practice under natural draft. It will 
be observed that no rule based on the so-called ‘‘ boiler 
horsepower ” is given, for the reason that this is too variable 
a quantity to place any reliance on. 


Rule 19.—For plain cylindrical boilers multiply the prod- 
uct of the length and diameter in feet by .18. 


Rule 20.—For tubular boilers multiply the heating sur- 
face in square feet by .06. 


Rule 21.—Multiply the grate surface in square feet 
OY 17. 


Rule 22.—Multiply the: estimated coal consumption in 
pounds per hour by .17. 


65. Whenever possible the feed-pumps should be located 
in the boiler room, soas to be directly in sight and in charge 
of the boiler attendant. In very large installations it is com- 
mon to arrange the pumps in a separate pump house, they 
being then in charge of one of the assistant engineers, the 
boiler attendants regulating the supply to each battery by 
valves in the feedpipes. 


GENERAL-SERVICE PUMPS. 

66. General-service pumps are a line of pumps placed 
on the market by many of the pump builders to be used 
for any service where the water pressure does not exceed 
150 pounds. They are generally of the plunger type and 
are built in sizes varying from those having a 4-inch to those 
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having a 16-inch plunger, and of a capacity varying from 
100 gallons to 2,500 gallons per minute. They may be used 
for any service such as boiler feeding, fire, hydraulic elevator, 
or anywhere where the pressure to be pumped against is not 
greater than the limit stated. | 


TANK OR LIGHT-SERVICE PUMPS. 

6%. Tank or light-seryice pumps are of the same gen- 
eral form and interior construction as general-service pumps, 
except that the plungers are much larger in proportion to 
the steam cylinders, equalling or exceeding them in diam- 
eter. Such pumps cannot be used to feed their own boilers, 
but they are sometimes fitted with an attached pump for 
this purpose. Light-service pumps are commonly built of 
the same capacity as general-service pumps, but can only 
pump against low pressures. 


FIRE PUMPS. 

68. Fire pumps are most frequently of the duplex 
double-acting type with a ratio of area of steam cylin- 
der to water piston of about 4to1. The duplex engine is 
chosen for this service on account of its simplicity and the 
peculiar adaptability of its motion to the high speed that is 
sometimes required in this service. A fire pump is fre- 
quently fitted up with a number of nozzles for hose 
connection. It should have relief valves, air and vacuum 
chambers of large capacity, steam and water gauges, 
priming pipes, and all the necessary valves. 

Fire pumps, as implied by the name, are intended for use 
in case of fire, and are required to throw a large volume of 
water at high pressure. 


LOW-PRESSURE STEAM PUMPS. 
69. Low-pressure steam pumps are pumps intended 
for localities where only a low steam pressure is available, as 
in apartment houses, public and private buildings, etc., 
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in which the pressure at which the steam heating system is 
worked does not exceed 5 to 10 pounds per square inch. 
The ratio of cylinder areas is about 9 to 1, the steam cylin- 
der being the larger. Otherwise they are fitted up similar 
to pumps for general service. ' In some cases a hand power 
attachment is provided so that the pump can be worked by 
hand when the steam pressure is down. 


PRESSURE PUMPS. 

7O. Pressure pumps are designed especially for use in 
connection with hydraulic lifts, cranes, cotton presses, test- 
ing machines, hydraulic machine tools of all kinds, and 
hydraulic presses, also for oil pipe lines, mining purposes, 
and such services as require the delivery of liquids under 
very heavy pressure. These pumps are invariably of the 
outside-packed plunger type and generally have four sin- 
gle-acting plungers working in the ends of the water cylin- 
ders, the latter having a central partition. The water 
valves are contained in small chambers capable of resisting 
very heavy pressures and ingeniously arranged for ready 
access. All materials used in the construction of the water 
end must be first class and suitable to the pressure used, 
which ranges from 750 pounds per square inch to 1,500 
pounds per square inch. The water ends of these pumps 
are frequently made of hard, close-grained composition for 
medium pressures, and of steel castings for the heavier 
pressures. 


MINE PUMPS. 

71. Perhaps no other class of pump requires as much 
experience and skill to select as the mine pump. The reason 
for this is the wide variations in service, conditions of opera- 
tion, head or pressure to be worked against, and the destruc- 
tive nature of the water to be pumped. Nearly all the 
pumps at present installed are placed entirely below the sur- 
face. In former times the Cornish, or bull, pump was the 
favorite, but it is today abandoned for the more compact 
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and less expensive modern mine pump. The water end of 
the modern high-pressure mine pump may be described as 
having outside-packed plungers; strong circular valve pots 
independent of one another, but bolted to the working 
chamber, to the suction and delivery pipes, and to one 
another. Frequently the whole inside of the water end of 
the pump, from the suction nozzle to the discharge flange, is 
lined with wood, lead, or some other acid-resisting sub- 
stance. Sometimes the entire water end is made of an acid- 
resisting bronze. Unless the service is light the outside- 
packed plunger pump is recommended for mine work; the 
valves should be preferably metallic valves in separate pots 
or chambers. Whether the pump shall be simple, com- 
pound, or triple expansion depends much on the price of 
fuel. In the anthracite coal regions the compound mine 
pump is now very common for sizes as small as 1,000,000 
gallons in 24 hours, and they are invariably compounded 
for larger sizes, while the triple-expansion direct-acting 
pump is found in several of the mines. 


2. Compound crank-and-flywheel high-duty pumps 


using the steam expansively have but recently been installed 
in the coal mines; in the iron and copper mines, where the 
cost of fuel is very high, the highest types of pumping 
engines have long been used. 


73. When the larger types of high-duty pumps are used, 


the mine workings are generally so arranged that all the 
water runs to one large basin or sump near which a cham- 
ber of sufficient size is cut to contain the pump, which is 
surrounded and protected by suitable devices to maintain it 
in a high state of efficiency. 


G4. In many mines, strength and simplicity are the con- 
trolling elements in selection, for the reasons that many 
mines are compelled to use a large number of medium sized 
pumps and, for commercial reasons, use only one man whose 
business it is to make the rounds of the various pumps, giv- 
ing each one but a few minutes’ attention in a day. They 
generally have to stand rough usage, and the water pumped 
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is of such a corrosive quality that repeated renewals of 
parts of the water end are absolutely necessary. After 
heavy rains or other causes of flooding, the pumps are often 
required to run for days completely submerged and must 
pump both themselves and the mine dry. It can be readily 
seen that a pump for such service must be strong, simple, 
ready of access, and all of its parts of such construction that 
they can be readily taken apart or renewed. 


SINKING PUMPS. 

75. Sinking pumps are used in sinking or deepening 
mine shafts. There is little choice in their selection; gen- 
erally speaking, they should be simple, strong, and capable 
of working in any position. The valves should be of the 
simplest possible construction and accessible for renewal 
with a minimum of labor and time. The valve motion 
should be simple and protected from dirt and drippings. 
They are regularly built single cylinder and duplex and are 
steam or electrically driven. With electric sinking pumps 
the protection of the electrical parts must be very complete. 


BALLAST AND WRECKING PUMPS. 

76. Ballast and wrecking pumps are principally con- 
fined to the marine service. The ballast pump is used on 
steamers having an extensive system of water ballast; also, 
for handling petroleum in bulk on oil-tank steamers. It is 
distinctively a special pump. The wrecking pump has a 
somewhat wider sphere. As its name implies, it is used 
principally by wrecking companies on the Atlantic and 
Pacific coasts and along the Lakes and is constructed with 
particular reference to reliability, portability, and general 
efficiency. It is well adapted to other services requiring 
the delivery of large volumes of water within the range of 
lift by suction. It has no forcing power, the water being 
merely delivered over the top of the pump, and it is single- 
acting, the water piston being fitted with valves. It is a 
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very light form of pump in proportion to the work it will do, 
is simple, durable, and not liable to derangement or break- 
age. It is also well adapted to drainage and irrigating 
purposes. 


DEEP-WELL PUMPS. 

7%. Deep-well pumps, like sinking pumps, give little 
field for choice except in the pump-driving mechanism, 
which is as varied as the agent available to operate them, 
the principal agents being steam, electricity, gas, and wind- 
mills. The pump is usually a lifting pump having a bucket 
packed with numerous hydraulic leathers and working 
within the casing; it is usually given a very long stroke. 
These pumps do not handle gritty water successfully. 
Probably the best practical solution of the deep-well pump 
problem will be found in the air lift, which in principle and 
operation is quite simple. 


SEWAGE PUMPS. 

‘8. Sewage pumps are built in various types. When 
the lift is low, which condition is most common in sewage 
disposal, the centrifugal pump is the cheapest to install, but 
when economy and efficiency are important factors, the cen- 
trifugal pump must give place to the more expensive but 
more efficient reciprocating pump. Probably the largest 
single pumping engine ever constructed is the sewage pump 
for the city of Boston, which has a capacity of 70,000,000 gal- 
lons in 24 hours. 


79. It will readily be seen that the selection of a type of 
sewage engine will depend much on the capacity of the 
installation and the price of fuel delivered at the station. 
The principal characteristics of the sewage engine are in the 
valves, which must be provided with very large ports to 
allow fairly large objects to pass through the pump without 
obstructing its valves. The valves are frequently made in 
the form of large leather-faced doors or flap valves, giving 
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nearly the full area of the pipe. The sewage pump does 
not differ in other respects from pumps for general service. 


POWER PUMPS. 

80. Power pumps are among the oldest styles of pumps, 
and may be developed by driving any type of reciprocating 
pump by other means than the use of a directly attached 
steam, gas, or air cylinder. Power pumps are very often 
geared or belted and with the increasing application of 
electricity the electric power pump is coming into more 
extensive use. 


81. Power pumps may be used for any service and are 
frequently found in municipal water works, being often 
driven by a turbine or a Pelton waterwheel. In large 
electric-lighting, heat, and power plants, the power pump is 
much used for boiler feeding; in this case the pumps are 
usually triplex, giving a steady flow of water, and are driven 
by electric motors, the current being furnished by the main 
generators. This is probably the most efficient and econom- 
ical boiler feeder that has been developed. 


82. The power pump is used quite extensively in the 
mines. An electric motor being the driver, the system 
admits of many various sized pumps being placed at the 
different sumps throughout the mines and driven by one 
large and economical generating unit at the surface. 


83. The selection of a power pump in preference to 
other types depends on conditions that, to some extent, may 
be gathered from the above applications; the choice, how- 
ever, depends much on the kind of power available to run 
the machine. Where water-power is available, either for 
gearing directly to the pump or for generating electric current 
to drive the pump at a remote distance, the power pump may 
advantageously be chosen. It should be remembered in this 
connection that a steam pump should be installed to take 
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care of the feedwater when the main engines are stopped 
and no current is available for driving the power pump. 


84. In private houses, hotels, office and public buildings 
the electric-_power pump isa favorite, and to avoid the noise 
of gears the reduction in speed is made by friction drives of 
various types; rawhide gearing is also used to some extent. 
The construction of the water end of power pumps does not 
differ from other pump constructions for the same service. 


MUNICIPAL PUMPING ENGINES. 


85. While the municipal pumping engine may be of 
any size and capacity, and while some of the pumps already 
discussed, as the general-service and power pump, may be, 
and are, frequently used, the term usually implies the 
highest type of pumping engine that can be constructed as 
regards economy and efficiency. The refinement is more 
exacting as the capacity of the pump increases. For small 
municipal pumping engines, say of 2,000,000 to 5,000,000 gal- 
lons capacity in 24 hours, the compound and triple-expansion 
direct-acting engine is used, the degree of expansion depend- 
ing on the price of fuel and the capital available for the 
investment. For installations of from 5,000,000 to 20,000, - 
000 gallons capacity, the high-duty direct-acting engine, 
that is, the direct-acting engine with high-duty attachment, 
and the crank-and-flywheel engine are rivals for the instal- 
lation; while for large municipal pumping engines above 
20,000,000 gallons capacity in 24 hours, the vertical triple- 
expansion condensing three-crank single-acting, or differ- 
ential, plunger beam type may be said to have no equal. 
With the latter type of engine a duty of 160,000,000 foot- 
pounds of work per 1,000 pounds of steam used by the engine 
is now common. Steam pressures of 175 pounds are com- 
mon, while the number of expansions are as high as 22 to 26, 
and every reasonable device known in the art of steam 
engineering is used to the end of breaking records in secur- 
ing a high duty. 


(=~ 
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VACUUM PUMPS. 


86. Vacuum pumps are chiefly used in connection with 
jet condensers and siphon condensers. A vacuum pump is 
in reality an air pump, it being used for pumping air out of 
closed vessels. There are two general types of vacuum 
pumps, which are dry vacuum pumps, or pumps that 
handle air only, and wet vacuum pumps, or pumps that 
handle both air and water. Vacuum pumps are also used 
in some manufacturing operations where a high degree of 
vacuum is required, being used in connection with the 
vacuum pans found in sugar houses, with glycerin pans, 
etc. 


RELATIVE MERITS OF DIRECT-ACTING AND CRANK-AND- 
FLYWHEEL PUMPS. 

8%. The relative merits of the two types of machine for 
a particular size, other conditions being equal, are such that 
it is a very difficult matter to decide which type is superior. 
For pumping small quantities of water, say up to 700 gallons 
per minute, and in localities where coal is not expensive, the 
direct-acting pump, either simple or compound, should 
prove a good investment. The objection to the direct- 
acting pump for large sizes is its waste of steam as 
compared with the crank-and-flywheel pump; it has an addi- 
tional objection that 1s sometimes argued against it, which 
is short-stroking. This defect reduces its economical per- 
formance in that it requires some steam to fill up the space 
due to the incomplete stroke, but since the incomplete 
stroke is due to too high a compression, the compressed 
steam must have nearly filled the space before fresh steam 
was admitted, so that the loss is not so very great after all. 
Short-stroking reduces the capacity of the machine some- 
what. In the common types of direct-acting pumps, the 
steam is not worked expansively; in compound and triple- 
expansion pumps, some degree of expansion is obtained, 
usually a little more than the ratio of low-pressure cylinder 
to high-pressure cylinder, By making the reciprocating parts 


» 
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heavy and running the pump at some fixed minimum speed, 
an early cut-off can be effected in the high-pressure cylinder, 
the balance of the stroke being completed by the inertia of 
the reciprocating parts; in this way an increased degree of 
expansion is possible. 

Another method of securing a considerable degree of 
expansion in the direct-acting pump is by means of the high- 
duty attachment. With the same degree of safety the speed 
of the direct-acting pump is very much less than is possible 
with the crank-and-flywheel pump. The direct-acting pump 
in which any attempt is made at economy will occupy quite 
as much space as the crank-and-flywheel pump of the same 
capacity, but the direct-acting pump is lower in first cost. 


88. Probably the most objectionable feature of the 
crank-and-flywheel pump, which is an inherent one, is that 
the velocity of discharge varies throughout the stroke. This 
is due to the fact that while the flywheel rotates at a uniform 
speed, the pistons and plungers move with a variable speed, 
varying from zero at the beginning of the stroke to the 
maximum speed near mid-stroke and then decreasing to zero 
at the end of the stroke. This variation in velocity pro- 
duces shocks, and hence requires the water end of a flywheel 
pump to be of heavier construction than a similar end for a 
direct-acting pump. The valve area of a flywheel pump 
requires to be considerably larger than for a direct-acting 
pump, not only because of its capacity for higher speeds, but 
also because the velocity of the plunger, when the connect- 
ing-rod is at right angles to the crank arm, is somewhat in 
excess of 1.57 times the mean velocity of the plunger. In 
addition to the greater valve area and strength required in 
flywheel pumps, it is necessary to use some means to reduce 
the shocks to the mechanism and parts of the pump. This 
is accomplished by providing large air chambers, preferably 
one over each deck for high pressures; for very high pres- 
sures and long coiumns of water, an alleviator is necessary. 


89. The main advantage of the crank-and-flywheel pump 
is its economy, which, in turn, is due to the fact that the 
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steam may be expanded to any permissible degree; it also 
readily admits of all the refinements known of securing high- 
duty performance, and with a proper arrangement of details, 
it can be made quite as safe as ordinary machines. For 
extreme high duties the crank-and-flywheel pump is always 
chosen, and to reduce the shocks due to a variable discharge 
a favorite type is the three-crank machine. The combined 
delivery from three plungers is tolerably uniform and the 
arrangement readily lends itself to the extremely economical 
triple-expansion condensing engine. 


90. The crank-and-flywheel engine is more expensive 
than the direct-acting machine, and when high degrees of 
expansion are used occupies considerably more room. It is 
generally more complicated, but is more accessible, except in 
such cases as where an effort is made to minimize space, 
when by making the engine back-acting it is liable to become 
quite inaccessible. 


91. The piston speed of direct-acting pumps rarely 
exceeds 100 feet per minute, while the piston speed of crank- 
and-flywheel pumps is commonly 300 feet and sometimes 
400 feet. With pumps of the controlled-valve type, piston 
speeds of 560 feet arereached. This difference in the piston 
speed of the direct-acting and crank-and-flywheel pumps 
shows that they must be compared on the basis of water 
delivered rather than on the relative size of similar parts. 


92. Even for very small sizes, the crank pump is sure in 
its action and is not liable to get out of order; this cannot 
be claimed for some of the single-cylinder direct-acting 
pumps having steam-thrown valves. The crank pump is 
limited as to its slowest speed, however, since the speed must 
be sufficient to store energy enough in the flywheel to carry 
the crank over the dead centers. This objection can be over- 
come to a great extent by using the by-pass, which allows 
part of the water to be returned tothe suction, thus decreas- 
ing the work on the pump. 
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